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INTRODUCTION 
Calving difficulties and early calf mortality are 
undesirable biological phenomenon for which the economic 
implications are not clear in the beef cattle industry. 
Non-genetic factors determining dystocia and stillbirths are 
age of dam {heifers show higher incidence), sex of the calf 
(male calves cause higher frequency), season of calving, and 
the cow's nutritional level during gestation (the later two 
effects appear to have no defined behavior). Among the 
genetic causes of dystocia, feto-pelvic incompatibility 
(FPI) is the most important factor for heifers (where the 
calf's birth weight explains 40 to 50 % of FPI variation) 
and older cows (where preparation for birth and malposition 
are as important as FPI), These genetic effects can be 
decomposed into direct (genetic) and maternal (genetic and 
environmental) components. Stillbirth is caused by dystocia 
(40 to 60 %), and other unknown causes. Moderate to low 
heritabilities in both traits as well as a high expected 
correlated response to selection for birth weight, make it 
appealing to select on rate of growth instead of on weights, 
because the genetic correlation between calving ease and 
birth weight is higher than it is with growth rate. When 
selection against dystocia in cows is not practiced, sire 
evaluation for easy calving sires to be mated to heifers can 
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minimize losses inflicted by calving problems and calf 
mortality. 
Neither breeders nor cow calf operators like the idea 
of losing money and they know that the best way to avoid 
economic losses is by maximizing reproductive efficiency and 
minimizing early calf mortality. In southern Brazil, beef 
cattle production is mostly based on extensive systems in 
which slaughter age can go up to 4 years of age. Grawunder 
and Mielitz Netto (1979), worked with simulation using 
linear models to study which variables would cause greater 
economic impact in a range of production systems. They 
concluded that for every 5 % increase in fertility rate, 
there is a net return equivalent to one year of reduction in 
the slaughter age or in the age at first calving. The 
definition of fertility includes both the number of calves 
born and the proportion of calves weaned. Thus, besides a 
high conception rate, the minimization of calf losses prior 
to weaning is another primary objective for the cow-calf 
producer. 
There are several economic aspects of dystocia and calf 
mortality, still to be quantified in the beef cattle 
industry. First, both of these traits cause a direct loss 
in the annual calf crop due to a decrease in the calf 
survival rate and to death of cows in the calving process 
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that influence annual calf crop. Second, dystocia reduces 
the potential calf growth rate by decreasing the cow's 
milking ability (mainly in the first 30 days of lactation). 
Third, there is a subfertility impact due to an increase in 
subsequent calving intervals of cows subjected to difficult 
births, caused either by a delay in the return of the cow to 
service or to infertility in the first post-partum oestrus. 
Finally, difficult births result in higher costs to the 
farming operation by demanding more intensive assistance 
during calving and Caesarian interventions. Losses due to 
early calf mortality, on the other hand, have direct 
negative impact on profits, since the final product of the 
cow-calf producer is a healthy weaned calf. 
The economic implications of calving difficulties have 
been reasonably established in the dairy cattle industry, 
but they certainly do not reflect the reality of the beef 
cattle industry. Fundamental differences in the 
intensiveness of the production system and nature of salable 
products, may dictate specific economic consequences of 
dystocia to the beef section. For instance, a decrease in 
milk production inflicts direct monetary losses in dairy 
operations, but will only imply disadvantage in beef calves 
if it decreases the cow's productivity (total weight of 
weaned calves per year). An increase in birth assistance. 
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however, may present more severe damage to beef than to 
dairy management. Milk production is by nature an intensive 
system in which human presence at birth is part of the 
process. But increases in calving assistance in beef, 
specially in range conditions, may drastically elevate 
production costs. Birth weight is closely related to 
dystocia and must not be reduced in dairy if male calves are 
sold for the veal market, but may be restricted in beef 
production if selection can be based on growth rate instead 
of on weights. Yet subfertility, although equally 
undesirable for both dairy and beef, may inflict smaller 
negative effects in the latter if the intensiveness of the 
productive process is considered. The clarification of 
these differences is important since they will influence 
selection decisions. 
The objectives of the present work were: 1) to 
determine the magnitude of calving difficulty and early calf 
mortality frequencies and characterize the the environmental 
factors which influence these traits in Angus field data, 
and in a planned crossbreeding experiment; 2) to establish 
the influence of the genetic maternal and paternal 
components on these traits; 3) to estimate the genetic 
correlations between these two causal components; 4) to 
suggest a selection criterion which will minimize dystocia 
5 
and early calf mortality, while maintaining the greatest 
possible genetic progress from selection for meat 
production. 
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REVIEW OF LITERATURE 
In the beef industry, only a few attempts have been 
made to quantify the economic importance of calving problems 
and early calf mortality, mainly in the large specialized 
beef breeds such as Charolais, Maine-Anjou, Blond 
d'Aquitaine, and Limousin in France (Menissier, Foulley and 
Pattie, 1981a), or Chianina, Marchigiana, Romagnola, and 
Piedmontese in Italy (Menissier and Foulley, 1979), and 
S immental in the USA (Burfening, Kress and Friedrich, 1981). 
Apparently, the impact of calving difficulty and stillbirth 
in small sized breeds like Angus and Hereford is not as 
important as it is to the large breeds (Menissier and 
Foulley, 1979). It may become a serious problem as genetic 
progress due to selection for growth traits is carried out. 
Menissier and Foulley (1979), point out that the mean 
frequency of calving problems in Great Britain pedigree 
herds seems lower (3.5 %) than in commercial herds, and that 
the small sized breeds produce 30 to 40 kg calves' and 
definitely induce less dystocic calvings, although there are 
differences among breeds. The Aberdeen-Angus produces the 
least calving problems whereas the Hereford, with heavier 
calves (+4 to +7 kg), shows a higher percentage of dystocic 
calvings (+2 to +3 %) and even a higher early calf mortality 
rate (+1 %). The authors present a low incidence of calving 
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difficulty in crossbred commercial herds involving Angus 
with beef breeds (3.9 %) and with Friesian (4.9 %). 
Causes of Dystocia 
Dystocia is an undesirable phenomena that may arise 
from several environmental and genetic causes. Among the 
non-genetic factors are age and parity of dam (heifers 
require more assistance than older cows), and sex of the 
calf (male calves are heavier at birth and cause more 
calving problems than female calves). Season of calving and 
nutritional level of the cows during gestation are 
associated with calving difficulties too, although in an 
erratic and probably interactive manner. Accidents and 
pathological cases act in a similarly unpredictable fashion. 
The environmental effects related to calving ease must be 
understood and accounted for in selection and sire 
evaluation programs. There are different definitions of 
dystocia and the methods of data collection on this trait 
are not uniform, but its genetic causes are complex and 
relatively well known (Philipsson et al., 1979). To 
describe genetic factors related to dystocia one must 
distinguish among those which affect first calving heifers 
and those which affect older cows. Some authors consider 
calving problems in heifers and in cows as separate traits. 
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The phenomena of dystocia is directly related to a 
morphological incompatibility at birth between the size of 
the calf and dimensions of the pelvic opening of the mother, 
leading to a resistance to the expulsion of the fetus, 
summarized as feto-pelvic incompatibility (Meijering, 1984). 
The size of the calf at birth is the factor most closely 
related to dystocia and its variation explains almost 40 to 
50 percent of dystocia's variability in young females. It 
is an important effect for older cows too, but to a lesser 
degree, since other causes are relevant in the case of adult 
females. 
The size of the mother's pelvic opening is the second 
major cause of calving problems, and together with the 
dimensions of the calf at birth, accounts for most of the 
variation observed in the feto-pelvic incompatibility (FPI). 
Among heifers, variation in pelvic opening dimensions 
controls about 10 percent of the variability in calving' 
difficulties. The correlations between dystocia and these 
principal components only reflect general trends, since they 
involve interactions. The relationship between the size of 
the calf and the size of the pelvic canal of the cow is of a 
nonlinear nature (although the calf's size generally 
increases as the size of the dam increases, this 
proportionality does not happen with the cow's pelvic 
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opening). FPI is likely to be the main reason for calving 
problems in heifers, and an important factor in older cows 
too. FPI may result from an oversized calf, a cow with 
undersized pelvic dimensions, or both (Williams, 1968). 
Calf size is commonly recorded as birth weight, a highly 
significant cause of dystocia, both in heifers and in older 
cows (Laster and Gregory, 1973; Hotter et al., 1978). -The 
impact of birth weights on dystocia on heifers and cows 
occurs inversely, that is, older cows deliver heavier calves 
but have lower incidence of dystocia than heifers. 
Liboriussen (1979) presented experimental results involving 
crossing of dairy cows with large beef or dual-purpose 
breeds, in which the frequency of easy calving decreased 
almost linearly with increasing birth weight levels (Table 
1 ) .  
The relationship between birth weight and dystocia was 
found to be nonlinear (Philipsson, 1976b; Burfening et al., 
1978a; Menissier and Foulley, 1979), the frequency of 
dystocia rises sharply when birth weight exceeds a threshold 
value, though deviation from linearity may sometimes be 
small in heifers (Hotter et al., 1978; Short et al., 1979). 
Important factors determining the position of the threshold 
are breed and parity of the dam (Menissier and Foulley, 
1979). The position of the threshold will also depend on 
10 
TABLE 1. Calving difficulty for different birth weights® 
Birth weight Easy calvings Difficult Very difficult 
classes (kg) N ( % ) calvings (%) calvings (%) 
< 35.0 104 77.9 22.1 0.0 
35.0 - 38.5 123 74.0 23.6 2.4 
38.5 - 41.5 150 66.0 34.0 0.0 
41.5 - 44.0 122 62.3 32.0 5.7 
44.0 - 46.0 112 61.6 33.9 4.5 
46.0 - 48.5 130 50.8 44.6 4.6 
48.5 - 51.5 116 34.5 58.6 6.9 
51.5 - 55.0 95 37.9 53.7 8.4 
> 55.0 127 31.5 58.3 10.2 
Total 1079 55.4 40.0 4.6 
®Liboriussen (1979). 
the definition of dystocia, as the frequency of more serious 
problems (e.g., the Caesarians) starts to rise at higher 
birth weights than that of less severe cases (Burfening et 
al., 1978b; Meijering, 1984). Menissier and Foulley (1979), 
report that the mother's pelvic opening determines a birth 
weight's threshold above which calving difficulties become 
very frequent (Figure 1). 
Stage of preparation of the mother and her behavior at 
parturition is a partially genetic (dimensions of pelvic 
opening, neck of uterus and vulva) and environmental 
(uterine environment, synergistic hormonal action) factor. 
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FIGURE 1, Threshold effect of birth weight on the frequency 
of calving difficulty according to age of dams 
represented by weak labor, that explains about 10 percent of 
the total variation (mainly in older cows). Thus stage of 
preparation of the mother at calving is not a useful effect, 
from a breeding stand point, due to the complexity of its 
nature and subjectivity of its evaluation (intensity of 
external signs, such as vulva and udder, at parturition 
time). Posterior or abnormal presentation of the fetus, 
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though observable in only 2 to 6 percent of all calving 
(Philipsson, 1976a; Price and Wiltbank, 1978), is held 
responsible for up to 20 percent of the dystocia cases, and 
is more frequent in older cows than in heifers. However, 
sire effects on frequency of malposition of the calf or on 
calving problems due to malpositions, were found to be 
essentially zero (Meijering, 1984). 
The causal components of dystocia can be decomposed 
genetically into parental contributions. Detailed 
information on the breakdown of genetic effects into direct 
and maternal components has been presented (Koch, 1972; 
Willham, 1972), and difficulties in estimating appropriate 
variance component have been discussed (Foulley and Lefort, 
1978; Willham, 1980). A simplified diagram of genetic 
action (based on Philipsson, 1976b) is shown in Figure 2. 
The parental component of sire effects (direct effects) 
corresponds to the effect of calf birth weight tied to genes 
for growth potential that are transmitted to the calf by its 
sire. The heritability of the paternal effect on calving 
difficulty is normally low and less than 10 percent among 
adult cows, although it can reach 15 to 20 percent in 
heifers where dystocias are more frequent. This is expected 
since, on the one hand, according to the theory of all-or-
none characters, the estimated heritability increases as the 
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FIGURE 2. Concept of genetic pathways and main target 
points in dystocia and stillbirth due to feto-
pelvic incompatibility (FPI) 
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mean frequency of the trait increases (Hill, 1977), and, on 
the other hand, the causal biological phenomena of calving 
are not the same in heifers and in cows, as can be seen by 
the genetic correlation (rg = 0.2 to 0.6) between calving 
performance in heifers and in older cows (Philipsson et al., 
1978). The maternal component (maternal effects) on 
dystocia is more complex than the direct sire of the calf 
effect. The sire of the dam factor contains a direct 
genetic component, referring to the contribution of the 
genes to the calf genotype, which is similar to but half of 
the sire of the calf effect. In addition to these direct 
effects due to the calf's birth weight, the sire of the dam 
also affects calving traits by transmission to his daughters 
genes which actually find expression in the daughters as 
dams of the calves, mainly in the pelvic dimensions. 
Finally, the uterine environment through preparation for 
calving and hormonal control throughout gestation, also is 
an effect determining the size and shape of the calf. The 
complexity of the maternal effect is further magnified by an 
expected additive genetic correlation between direct and 
maternal genotypes. 
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Causes of Early Calf Mortality 
The definition of stillbirth commonly includes calf 
mortality shortly before, during, and within a limited 
period after parturition (normally restricted to 24 or 48 
hours). Cases of stillbirth may be roughly divided into 
those associated with difficulties at calving and those 
occurring in deliveries considered normal. In the first 
group, examination of blood gas values of newborn calves has 
shown that a prolonged parturition or a delivery terminated 
by forced extraction may result in a severe acidosis due to 
oxygen privation (Moore, 1969; Massip, 1980). FPI is 
possibly the most important factor for early calf mortality 
in heifers, with a less pronounced effect in older cows 
(Philipsson, 1976b). The effect of birth weight has to be 
evaluated within parity groups, as parity affects birth 
weight and stillbirth levels inversely, heifers yielding 
calves with lower birth weights than older cows, but showing 
higher rates of calf mortality (Philipsson, 1976b; Burfening 
et al., 1978c). Although birth weight may be the most 
common cause of stillbirths which are associated with 
dystocia, the definition of calf mortality allows inclusion 
of the case where a fetus, dead before term, is the cause of 
calving difficulty. Evidence is abundant that the incidence 
of calf mortality (even up to one month after birth) is much 
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higher when parturition is judged difficult (Laster and 
Gregory, 1973; Liboriussen, 1979; Langholz, Diehl and Pabst, 
1979; Meijering, 1984; Berger, 1986). In the Charolais 
breed, Menissier and Foulley (1979), found 2 to 3 times 
higher mortality in calves which were delivered by difficult 
calving than in those delivered normally (Table 2). 
TABLE 2. Variation of calf mortality according to . 
difficulties at calving in the Charolais breed 
Condition Number Calf mortality ( % ) 
of birth of Mortality before Mortality after 
calves 2 days old 2 days old 
born at 0-48 up to 2 da 1-4 2 da Over-
bth hr 2 da to 1 mo to 4 all 
mo mo 
Caesarian 167 14 .4 2. 4 16.8 6 .6 3 .6 10.2 27.0 
(5.3) (5.3) (10.7) 
Forced 228 13 .2 6. 6 19.8 5 .3 0 .9 6.2 26.0 
extraction (16.6) (23.4) 
Little 297 3 .0 1. 7 4.7 4 .7 0 .7 5.4 10.1 
assistance (3.3) (2.3) (5.6) 
Without 130 3 .1 0. 8 3.9 5 .4 0 .8 6.2 10.1 
assistance (2.6) (2.1) (4.8) 
^Brackets: 2,318 calvings from Charolais. 
^(Menissier and Foulley, 1979). 
'^Calves dead as % of calves born. 
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Nevertheless, it should be stressed that a major 
proportion of stillborn calves results from calving reported 
to be normal (Philipsson, 1976a; Meijering, 1984), showing 
that other factors besides dystocia are therefore also 
important. Increased stillbirth incidence among twin calves 
not accompanied by a concurrent rise in dystocia frequency, 
suggests that at least some of these cases may be due to a 
reduction in the vitality of the calves with a low birth 
weight, born after a relatively short gestation length 
(Philipsson, 1976a and 1976b; Notter et al., 1978; 
Meijering, 1984). An indication that there may be a lower 
and an upper birth weight threshold for calf mortality might 
be inferred from the work of Menissier and Foulley (1979), 
presented in Figure 3. Congenital defects seem to be of 
little importance as a cause of stillbirths (Lindhe, 1966). 
The role of environmental factors on early calf 
mortality is less clear than it is on dystocia. Age and 
parity of dam and sex of calf exercise a similar influence 
in stillbirths as in calving performance (heifers presenting 
greater frequency than older cows and male calves showing 
more cases than female calves), but with a much smaller 
effect. The literature is not always consistent in this 
respect, and sometimes even these factors do not show a 
clear difference, as can be seen in Berger (1986). Seasonal 
18 
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FIGURE 3. Relationship between early calf mortality and 
birth weight (2,782 calves of MRY 
heifers)(Menissier and Foulley, 1979) 
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effects and the cow's nutritional status appear to act 
erratically on calf mortality. 
Phenotypic and Genetic Correlations and Heritabilities for 
Calving Ease and Livability 
The nonlinearity of the birth weight effect on calving 
ease and livability as well as the fact they are categorical 
traits, may contribute to the underestimation of the true 
amount of phenotypic association between dystocia or 
stillbirths and birth weight. For dystocia score or 
frequency, correlation estimates on raw data vary between rp 
= 0.11 (Foulley et al., 1978; Menissier and Foulley, 1979; 
Menissier, Foulley and Pattie, 1981a) and rp = 0.73 
(Conteaudier et al., as cited in Meijering, 1984), commonly 
centering around rp = 0.3 to 0.4 (Rice and Wiltbank, 1970; 
Philipsson, 1976b; Burfening et al., 1978a). Corresponding 
estimates for stillbirth occurrence are rp = 0.06 and rp = 
0.23 (Philipsson, 1976b; Meijering, 1984), respectively. 
There is a strong positive genetic correlation between 
birth weight and dystocia, rg = 0.86 to 0.91 (Foulley and 
Menissier, 1979; Philipsson et al., 1979; Menissier, 
Foulley and Pattie, 1981b). The genetic correlation between 
birth weight and early calf mortality is weaker, rg = 0.40 
(Philipsson et al., 1979). 
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The genetic correlation between the paternal and 
maternal components of calving difficulties are rather weak, 
TgDM = 0 to 0.4 (Philipsson et al., 1979; Foulley and 
Menissier, 1979; Menissier, Foulley and Pattie, 1981c; 
Thompson, Freeman and Berger, 1981). Other authors, 
however, found a genetic antagonism between direct and 
maternal effects on dystocia, rgQ^ = -0.25 and -0.55 
(Philipsson, 1976b; Burfening et al., 1978c, respectively). 
All of these authors used separate models for estimation of 
the direct and maternal components, the covariance between 
sire of the calf and sire of the dam being obtained 
indirectly. The only result available with a model 
including sire and maternal grandsire simultaneously is 
provided by Dwyer, Schaeffer and Kennedy (1986), with a rgQ^ 
= 0.22 for the Holstein breed. These authors point out that 
a model including both, sire of the calf and sire of the dam 
simultaneously, may explain more of the variability in 
calving ease scores than models dealing with these 
components one at a time. There is less and somewhat 
contradictory information about the genetic correlation 
between paternal and maternal components for livability. 
Bar-Anan, Soller and Bowman (1976) reported values of rg^M = 
0.04 and 0.71 for cows. Philipsson et al. (1979) affirm 
that the normal range for this correlation is rg^^ = 0.0 to 
0.4, and Meijering (1985) reports a result of rgg^ = -0.68. 
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The heritability of calving ease as a trait of the calf 
2 (direct heritability) goes from hg = 0.03 to 0.20 in 
heifers, but is very low for cows, hg = 0.0 to 0.08. The 
heritability of calving ease as a trait of the dam (maternal 
heritability) is consistently smaller than the direct 
heritability in isolated studies, with a range for heifers 
from -0.03 to 0.20 and a lower range for cows (hj^j = 0.0 to 
0.04) (Bar-Anan, Soller and Bowman, 1976; Philipsson, 1976b; 
Tong, Wilton and Schaeffer, 1976; Burfening et al., 1978c; 
Teixeira, 1978; Bar-Anan et al., 1979; Philipsson et al., 
1979; Thompson, Freeman and Berger, 1981; Djemali, 1985). 
However, two moderate maternal heritabilities greater than 
the direct heritability have been reported by Burfening et 
2 
al. (1978c), working with 2-year-old S immental dams (hj^ = 
2 0.20 and hg = 0.05), and by Dwyer, Schaeffer and Kennedy 
2 (1986), working with Holstein cows and heifers (hj^ = 0.12 
2 
and hg = 0.11). Estimates of heritability of livability are 
2 
not encouraging either as a trait of the calf (hg = 0.0 to 
2 0.05 in heifers and hg = 0.0 to 0.02 in cows) or as a trait 
of the dam (h^ = 0.0 to 0.05 in heifers and h^ = 0.0 to 0.01 
in cows) (Bar-Anan, Soller and Bowman, 1976; Philipsson , 
1976b; Philipsson et al., 1979; Meijering, 1985). Birth 
weight is equally heritable in heifers and cows (Philipsson 
et al., 1979) and varies from h^ = 0.10 to 0.40 (Philipsson 
et al., 1979; Foulley and Menissier, 1979; Meijering, 1985). 
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Selection Strategy 
Selection against stillbirths seems unreasonable due to 
the extremely low heritability of the trait. Since 
livability shows a moderately positive genetic correlation 
with calving ease, rg = 0.60 to 0.80 as a trait of the calf 
and rg = 0.50 to 0.70 as a trait of the dam (Philipsson et 
al., 1979), hopefully, genetic progress to decrease the 
incidence of early calf mortality may be achieved as a 
correlated response to selection against dystocia. As for 
dystocia, first it has to be determined if selection pays 
off. Due to the high genetic correlation between calving 
difficult and birth weight, there is little opportunity for 
selection against dystocia without decreasing birth weight, 
which is genetically correlated with other weights. 
Practical decisions about whether or not to practice 
selection against calving difficulties will have to be taken 
on a within breed basis, judging against potential economic 
losses which are inflicted by dystocia. 
One alternative plan which is designed to avoid 
selection of cows for dystocia and simultaneously decrease 
the losses inflicted by a high incidence of dystocia and 
stillbirths, has already been adopted by the dairy industry 
in the USA on a national basis. This plan involves a sire 
evaluation and sire progeny test program to recommend bulls 
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for mating to maiden heifers. This policy, however, will 
not affect the rate of dystocia in the next generation, 
since the make-up of the population hardly alters 
(Philipsson et al., 1979). Nevertheless, there may be some 
selection in this process, since sires which are superior in 
calving ease produce more progeny than they would if they 
were poor in calving ease (Freeman et al., 1981). However, 
selection is the best option to reduce dystocia, mainly in 
the case of large beef breeds or beef breeds used as 
terminal sires in a crossbreeding program, where calving 
difficulty is a serious problem. To conduct such selection 
taking account of genetic parameters, birth weight 
represents the best criteria. Based on progeny tests, 
selection on birth weight leads to an indirect response in 
calving difficulties at least equal to (heifers) or more 
important than (cows) response to direct selection, 
requiring fewer offspring per sire for a given accuracy 
(Menissier, Foulley and Pattie, 1981b). 
The selection method must aim to produce calves of an 
appropriate birth weight without penalizing the genetic 
ability for meat production. One approach to this problem 
is selection practiced on rate of growth instead of on 
weight, due to the fact that growth rate is less closely 
related to birth weight than are other weights. The 
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selection process, for the paternal components, may be 
conducted through one of the following procedures: a) 
selection by independent culling levels with elimination of 
calves with the heaviest birth weights and then, among the 
remainder, select those with greater growth ability; b) 
selection index with selection based on an index combining 
birth weight and weights, restricting the genetic changes in 
the former. This may lead to less reduction in genetic 
progress in the selection for weights, especially with 
intensive selection pressure (Menissier, Foulley and Pattie, 
1981c). 
Selection for the maternal effects is more complex, 
since the maternal component of a calf's birth weight is 
less correlated with that of dystocia, rg = 0.60 to 0.70, 
than the paternal component, indicating that birth weight is 
not the only underlying character affecting calving 
difficulty. Furthermore, the maternal component of birth 
weight has a lower heritability than that of the paternal 
component. The existence of important uterine genetic 
maternal effects on fetal growth which tend to be rather 
antagonistic to the direct effects on intrauterine growth 
increases the complexity of the maternal component 
(Menissier, Foulley and Pattie, 1981b). Thus, birth weight 
cannot be the only criteria for estimating the maternal 
25 
component of calving ability. Preparation for calving, 
estimated at the time of parturition, also presents genetic 
variability greater than 40 percent. The genetic 
relationships between pelvic opening and the maternal 
component of dystocia is not clearly understood due to the 
lack of observations. Pelvic opening is more highly 
correlated genetically to the maternal component of calving 
difficulty than is birth weight and there is a positive 
correlation between these two morphological components, 
i.e., pelvic opening and birth weight. 
Consequently, due to the antagonistic association 
between the paternal and maternal components, selection 
solely on the paternal component will not be sufficient to 
improve maternal calving ability and specific selection on 
the maternal component may be necessary to improve the 
calving performance among heifers in maternal breeds. Body 
weight at calving has a positive genetic correlation with 
calving difficulty even if they are phenotypically 
independent or have a negative correlation (Menissier, 
Foulley and Pattie, 1981c). Thus, any increase in size of 
the future mother by selection, which is expected due to the 
moderate to high heritability of weight at 18 months of age, 
will increase the frequency of dystocia. This selection for 
size leads to an increase in the maternal component of birth 
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weight, Tg = 0.30 to 0.50, and a relatively smaller increase 
in pelvic opening thus causing a reduction in the pelvic 
opening/birth weight ratio, indicating that there are 
modifications in the development of the female's pelvic 
opening. Selection of breeding females on their growth 
potential causes a disequilibrium between the two maternal 
components, pelvic opening at parturition and calf birth 
weight (direct maternal and environmental maternal effects). 
Furthermore, the effectiveness of calving assistance (e.g., 
Caesarian) tends to exacerbate the disequilibrium by-
suppressing important biological barriers imposed by natural 
selection. 
Our limited knowledge of the genetic parameters and 
relative economic weights for the various characters 
involved in the maternal component of dystocia, makes it 
difficult to establish a precise economic function to make 
use of selection index theory. After this problem has been 
solved, selection index will offer a more desirable option 
for selection against dystocia able to avoid the conflict 
between the objectives of meat production and calving ease 
(Menissier, Foulley and Pattie, 1981c). 
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MATERIAL AND METHODS 
The Angus Cattle 
The data 
The data used in this analysis were provided through 
the courtesy of the American Angus Association, St. Joseph, 
Missouri. Calving records were part of a purebred Angus 
performance program conducted throughout the United States, 
in which calving ease and livability information were scored 
by beef producers and recorded along with birth and weaning 
performance information. The whole data set contained 
965,417 records, collected over the period between 1972 and 
1985. From this total, 898,453 records contained complete 
information on birth and weaning weights, and calving ease 
and livability scores. The birth of a calf was scored by a 
beef producer, according to the degree of assistance 
required in the calving process and the condition of the 
calf, as presented in Table 3. 
Code 3 for calving ease involves those cases where the 
calf was either pulled out with mechanic traction or through 
Caesarian section. All cases of abnormal presentation of 
the calf were also included in code 3. Livability codes: 
code 1 includes all healthy calves weaned alive or sold 
before weaning; code 2 includes all cases of calves either 
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TABLE 3. Producer's scoring system for calving ease and 
livability 
Codes Calving ease 
1 No assistance 
2 Some assistance 
3 Heavy assistance 
Livability 
Weaned alive or sold 
Dead 24 hours or aborted 
Dead preweaning 
being aborted or dead within 24 hours after birth, and code 
3 includes all calves which died any time between 24 hours 
after birth and weaning. The latter includes both deaths 
related to the calving process, i.e., those which occurred 
in the first week after birth, and other deaths unrelated to 
the calving process which happened some time between birth 
and weaning, probably due to diseases or accidents. For 
variance component estimation and sire evaluation, 
livability was recoded, code 3 being included into code 1, 
such that only two classes, dead or live calves at birth 
were used to study this trait. The parity of the dam was 
designated according to: 1= heifers and 2= older cows. 
From the whole data set, due to computer costs and 
feasibility, two independent samples of 19 and 34 herds were 
chosen for the variance component estimation and sire 
evaluation. These data sets contained 34,311 and 50,854 
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records, respectively, with complete information on dystocia 
and livability. The data set from the 19 herds (DS-19), 
containing 27,803 calving records from cows and 6,508 
calving records from heifers, was chosen to report the 
phenotypic factors related to calving ease and livability. 
After eliminating the records missing sex and parity 
information 33,039 records remained for variance component 
estimation and sire evaluation. These data included 17,031 
male calves (51.50 %) and 16,008 female calves (48.50 %), 
distributed within 5,979 heifer calvings (18.10 %) and 
27,060 calvings from older cows (81.90 %). A total of 1,802 
bulls were represented, from which 919 were only maternal 
grandsires, 324 sires only, and 559 were both maternal 
grandsires and sires, giving an overall total of 1,243 
maternal grandsires and 883 sires. There where 320 
contemporary groups of herd-year-seasons. 
The data set with 34 herds contained 2,856 bulls (1,272 
maternal grandsires only, 573 sires only, 1,011 both sires 
and maternal grandsires, totaling 2,283 maternal grandsires 
and 1,584 sires) and 584 contemporary groups of herd-year-
seasons. The records were classified according to two 
calving seasons; a spring calving season involving births 
from January 1®^ through June 30^^, and a fall season 
including the births between July 1^^ through December 31®^, 
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as shown in Table 4 for DS-19. The records from DS-34 were 
also classified according to spring and fall seasons. 
TABLE 4. Distribution of births within months, in the 
spring (I) and fall (II) calving seasons 
Season Month of Number of Percent 
birth calves ( % ) 
Season January 1,505 4.6 
I February 3,610 10.9 
March 8,740 26.4 
April 6,950 21.1 
May 1,713 5.2 
June 239 0.7 
Total season I 22,757 68.9 
Season July 66 0.2 
II August 1,117 3.5 
September 3,402 10.3 
October 2,307 7.0 
November 2,098 6.4 
December 1,232 3.7 
Total season II 10,282 31.1 
Variance component estimation 
The history of variance component estimation is 
relatively recent and up to the '70s the only methods 
available in animal breeding were Henderson's Methods 1, 2, 
and 3 (Henderson, 1953). After Hartley and Rao (1967), 
presented the Maximum Likelihood (ML) procedure, several 
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methods were developed in the following years. Among them, 
Restricted Maximum Likelihood (REML) (Patterson and 
Thompson, 1971), Minimum Norm Quadratic Unbiased Estimation 
(MINQUE) (Rao, 1971), and Minimum Variance Quadratic 
Unbiased Estimation (MIVQUE) (Rao, 1971). Henderson (1980) 
presented computing algorithms for a new method, known as 
Henderson's Simple Method (HSM), Henderson's Method 4, or 
MINQUE-D. In general, all these methods have common 
properties, that is, they are quadratic procedures that are 
translation invariant (in the sense that they do not depend 
upon the scale of defined fixed effects). Some yield 
unbiased estimates of variance components when not used 
iteratively (Method 3, MINQUE, MIVQUE, HSM), but as a 
consequence, have the inconvenience of nonzero probability 
of giving estimates that will not fall in the required 
parameter space (Searle, 1971). An example is a negative 
variance component estimate. 
The ML and REML procedures are solved iteratively, 
assume normality of the data to derive computable 
algorithms, and do not yield unbiased estimates. Although 
these estimates are restricted to fall within a specified 
parameter space, convergence to a global maximum is not 
guaranteed (Schaeffer, 1983). There are no specific rules 
for the choice of an estimation procedure. Use of any 
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quadratic translation invariant estimates from a symmetric 
distribution will lead to unbiased predictors of breeding 
values when applied without iteration to the usual mixed 
model sire evaluation procedure (Kennedy, 1981). 
The method of choice for estimation of variance 
components for direct and maternal effects affecting calving 
ease and livability in the Angus breed was iterative HSM, 
due to its tremendous advantages in terms of computer 
feasibility and ease of computing. A procedure using 
iterative HSM for variance component estimation for 
maternally influenced traits, including sire and maternal 
grands ire in the model, was proposed by Bertrand and 
Benyshek (1987). A similar model was presented by Dwyer, 
Schaeffer and Kennedy (1986), with the difference that it 
included two groups of fixed effects to be absorbed, namely, 
herd-year-season and sex-parity classes. The second 
absorption was included to avoid bias due to preferential or 
corrective matings. This decision complicates the 
absorption but is justifiable because sex of the calf and 
parity of the dam play an important role in the incidence of 
dystocia and early calf mortality. Although there is no 
systematic sire evaluation of Angus sires for calving ease, 
there is a sire evaluation program on a national level for 
birth weight, a trait highly correlated with dystocia. 
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Through the annual sire summary list, the Angus breeder is 
able to choose sires that produce lighter calves to mate to 
heifers, reserving sires that produce heavier calves to mate 
to older cows. These corrective matings may generate bias 
in the calving ease sire evaluation. 
The model and ensuing quadratic forms and expectations 
of sums of squares as presented by Dwyer, Schaeffer and 
Kennedy (1986) is: 
y = Wh + Xt + Z^s + Z2m + e 
where: 
y = a vector of calving ease or livability scores on calves, 
h = a vector of herd-year-season effects with two seasons 
per year as January-June and July-December, 
t = a vector of effects for sex-parity subclasses, 
s = a vector of sire of the calf effects, 
m = a vector of maternal grandsire of the calf effects, and 
e = a vector of residual effects. 
The matrices W,X, and Z2 are incidence matrices of 
zeros and ones, and Z^ is an incidence matrix of zeros, 
halves, and ones. In Z^, whenever a bull appears as a sire, 
there is a one in the corresponding position, and whenever a 
bull appears as a maternal grandsire, there is a half in the 
corresponding position. Z2 is a design matrix relating each 
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record on the calf to its maternal grandsire. When a bull 
fails to be a maternal grandsire, his column in Z2 is filled 
with zeros since and Z2 have identical dimensions, that 
is, the number of records by the number of bulls that are 
only sires plus the number of bulls that are both sires and 
maternal grandsires plus the number of bulls that are only 
maternal grandsires. 
The expectations and variances in the model are; 
E y = Wh + Xt V s = A*S Aogm 0 
s 0 m A*sm 0 
m 0 e 0 0 
e 
_ J 
0 
The parameters in the model were estimated using HSM, 
assuming that A (the numerator relationship matrix) was an 
identity matrix. HSM requires the absorbtion of all fixed 
effects into the random effects. After the herd-year-season 
sub-classes were absorbed, a second absorption step was 
required to absorb the sex-parity effects. 
The least squares equations after absorbtion of all 
fixed effects can be represented as: 
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Zi'MZi Zi'MZ2 s Zi'MY 
Z2'MZi Z2'MZ2 m Z2'MY 
where: 
W 
X' 
The representation of these equations can be further 
simplified as: 
— 
Pli P12 S = "^1 
P2I P22 m ^2 
- _ 
Let (for i=l,2) 
Ui = D"^ri 
where is a diagonal matrix whose elements are the 
diagonals of (Pji + laii) and are prior values of 
variances and covariances components, as follows: 
ail <^12 
(^12 "22 
The quadratic forms used to estimate the direct variance 
the maternal variance, and the direct and maternal 
covariance, and the error variance are, respectively, ui 
M = I 
-[wx] WW W'X 
X'W X'X 
'sm 
'sm 
^m 
-1 
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U2'U2, ui'u2, and y'My. Equating these quadratics to their 
expectations gives the following set of equations: 
E Ui'Ui = 
U2'U2 
ui'u2 
y'My 
^11 Kl2 ^13 K I4 
^21 ^22 ^23 ^24 
^31 ^32 K33 K34 °^sm 
K41 K42 K43 K44 
1 
C
M
 
0
) ^
 
1 
where: 
Kll = tr. D-f Pii ^12 
= tr. D"l ^12^21 
KI3 2 tr. D-f P11P21 Ki4 = tr. D-! Pu 
K21 = tr. 2 ^ 21^12 ^22 tr. D-2 P22 
^23 2 tr. D 2 P22P12 ^24 
= tr. Di P22 
K3I = tr. D 1 D 2 P21P1I K32 = tr. D-f D 2 P22P2I 
K33 = tr. D 1 D 2 (P21P12+P11P22) K34 tr. D'l D~2 P2I 
1—1 = tr. Pii K42 = tr. P22 
K43 tr. (P12 + P21) K44 tr. M 
and 
tr. = the trace operator that sums the diagonal elements of 
a matrix. 
The estimation procedure is iterative. After each 
round of iteration the estimates of variance and covariance 
are used to form new solutions and these are use to 
reestimate the quadratic forms. The process is repeated 
until there is no change in the variance and covariance 
components. 
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Assuming g^, gj^, and gg^ as direct genetic and maternal 
genetic variances, and direct by maternal covariance, 
respectively, then: 
ag = 1/4 gp, 
= 1/4 go + 1/4 g DM 1/16 Qm' 
^sm = 1/8 90 + 1/4 GDM' 
2 2 
Thus, after estimating a^, a^, and these estimates 
can be equated to their genetic expectations to find the 
values of gg, g^, and g^M* This decomposition allows the 
derivation of appropriate formulas for estimation of the 
direct and maternal heritabilities, as follows: 
since 
9D = 4 *3 
gM = 4 - 4 agni + <^s 
9DM = 4 ogm - 2 og and 
2  _  2  - ,  2  , 2  
og = *e - 2 *s - 3 ^m' 
2 2 
then hj3 = g^/f go + 9M + 9dm + ) can be written as 
hg = 4 al/{ *s + + *e )'  
By the same reasoning, the formula for the maternal 
heritability can be written as 
hn = 4 o^/{ Pg + + *6 ) ' 
The formula for the genetic correlation between direct and 
maternal components can be taken directly from the model as 
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2 2 1/2 
FgDM ~ Ogm/( °s'*m ) 
Sire evaluation for calving ease 
The model used for sire evaluation for calving ease and 
livability for the Angus breed was the same model described 
for variance component estimation, with the inclusion of the 
inverse of the relationship matrix among sires and maternal 
grandsires, such that 
(^11 <^12 
(^12 <^22 
may now be written as 
®11 ^12 
®12 (^22 
'sm 
'sm 
'm 
-1 
^smA 
-1 
-1 2 -1 
^smA 4* 
-1 
The Synthetic Cattle 
The data 
The data used in this study were calving records from 
the beef breeding project at Iowa State University which 
contributes to the North Central Region Beef Cattle Breeding 
Project (NC-l). Detailed information and references 
regarding this project, its objectives, foundation 
population, the formation of the synthetics, and management, 
may be found in Sacco (1983). The project goals are to 
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produce three definable synthetic breeds that differ in 
general (mature) size, to evaluate size by management 
interactions, and to study selection response in both the 
positive and negative directions. The foundation cows 
consisted of two herds of crossbred cows containing varying 
proportions of Jersey, Angus, Simmental, Hereford, Holstein, 
Brown Swiss, Charolais, and a small percentage of other 
breeds, while the foundation bulls were purebred Jersey, 
Angus, and S immental. The cows were divided into small, 
medium, and large groups according to body weight and wither 
height within breed and age classes. The bulls were chosen 
by size within breed. Small, medium, and large Angus bulls 
were used in the three size groups, while small Jersey bulls 
were used within the small size and large Jersey bulls in 
the medium size, and small and large Simmental bulls were 
used within the medium and large size respectively. The 
small synthetic will have a breed composition of at least 25 
% Jersey, 25 % Angus, and 50 % others (derived from the 
foundation cows, which may also include proportions of the 
three sire breeds). The medium synthetic will have at least 
12.5 % Jersey, 25 % Angus, 12.5 % Simmental, and 50 % 
others, while the large synthetic will have at least 25 % 
Angus, 25 % Simmental, and 50 % others. 
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The breeding cattle are reared under different 
management systems at two locations, the Rhodes farm, 
located in Central Iowa, and the McNay farm, located in 
Southern Iowa. Rhodes has a spring calving season (March 
through April), with the cows maintained on bromegrass 
pastures and calves weaned at approximately 180 days of age. 
McNay has a fall calving season (August through September) 
and the cattle are moved to drylots during the fall and 
winter seasons due to the low nutrient content of the 
pastures, where they receive corn silage and free-choice 
hay. On both farms, replacement heifers are bred as 
yearlings. Selection of bulls to enter the breeding herds 
occurs at approximately 180 days of age and is based on an 
index unique for each size group. It is a function of body 
weight and hip height. 
The data were 6,092 calving records collected between 
1978 and 1987, involving 19 contemporary groups of herd-
year-season, 2 classes of sex (1 = male, 2 = female) and 3 
classes for parity of dam (1 = 1®^ parity, 2 = 2^^^ parity, 
and 3 = 3^^ or greater parities). Four generations were 
involved between the first crosses and the birth of the 
first synthetic cattle. Calving ease was coded as 1 = no 
assistance, 2 = some assistance, and 3 = heavy assistance, 
and livability is coded as 0 = aborted or stillbirth calf 
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and 2 = calf born alive. The breed composition of each 
animal was identified as the percentage of blood from each 
of the three primary parental breeds (i.e., Jersey, Angus 
and Simmental, respectively). 
Models for analysis of synthetic breeds 
The program chosen for the analysis of environmental 
and breed composition effects for calving ease, livability, 
and birth weight, was S.A.S. General Linear Models (1985). 
Model 1 as adapted from Robison, McDaniel and Rincon (1981) 
was : 
^ijklmnopq = M + + GS^j + Hj^ + Sx^ + Pm + ^*^lm 
j(Xn-X) + A(Xo-X) + S(Xp-X) + SJi(Xn-X) + 
SAj^(XQ-X) + SSi(Xp-X) + e^jki^nopq 
where; 
^ijklmnopq ~ each record of the dependent variable, 
M = population mean, 
Sj = fixed effect of the i^^ size, 
GS^j = fixed effect of the ij^^ size within generation, 
H)^ = fixed effect of the k^^ herd-year-season, 
SX]^ = fixed effect of the 1^^ sex, 
= fixed effect of the m^^ parity, 
SxPim = the interaction of 1^^ sex and parity. 
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J, A, and S are regression coefficients, X^, Xq, and Xp are 
continuous independent variables for the percentage of blood 
from the n^^ Jersey, o^^ Angus, and p^^ S immental, 
respectively, Xs are the means percentage blood of Jersey, 
Angus and Simmental, respectively, SJ^, SA^ and SSj are 
regression coefficients for the i^^ size group with the 
continuous variable of percentage breed composition, and 
Gijklmnopq = random error. 
Prediction equations were developed using solutions 
from this model to identify the general size effect across 
breeds and changes due to specific breed effects within each 
size group. The general size effect was defined to be the 
least squares mean for size and the regression coefficients 
were used to estimate changes due to specific breed effects 
within each size group. Prediction equations for the i^^ 
size for Jersey, Angus and Simmental, respectively, were: 
Î = M + §i + 3(Xn - X) + s3i(Xn - X) (Jersey), 
t = M + êi + Â(Xo - X) + SÂi(Xo - X) (Angus), 
^ = M + êi + â(Xp - X) + Sâi(Xp - X) (Simmental). 
X^, Xq, Xp were set at 10% and 80% to emphasize the 
interaction between the general size effect and specific 
breed effect for size. Xs were the mean percentages of 
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blood in all animals which could be traced back to each of 
the three parental breeds. 
The model was simplified to incorporate sires, estimate 
least squares means and genetic parameters among paternal 
half-sibs. Size-generation subclasses were included in 
place of size and generation within size. Average 
regressions for the percentage of blood from Jersey, Angus 
and S immental breeds were fit across the three size groups. 
The mean square for sires within size-generation was used 
for the test of significance for the size-generation 
subclass effects. Heritabilities, genetic and phenotypic 
correlations were estimated by Henderson's Method III using 
the Least Squares Maximum Likelihood Mixed Model computer 
program described by Harvey (1985). Model 2 was: 
^ijklmnopqr " ^  ®^ij "*• ®®®ijk * + SXj^ + ^n + Sx^mn 
JCXq-X) + A(Xp-X) + S(Xq-X) + eijki^nopqr 
where; 
^ijklmnopqr ~ each record of the dependent variable, 
M = population mean, 
GS^j = fixed effect of the ij^^ generation-size, 
SGSijjj = random effect of the k^^ sire in the ij^^ 
generation-size, 
H]^  = fixed effect of the 1^  ^herd-year-season, 
Sxj^ = fixed effect of the m^^ sex. 
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= fixed effect of the parity, 
SxPmn = the interaction of sex and n^^parity, 
J, A, and S are regression coefficients, Xq, Xp, and Xg are 
continuous independent variables for the percentage of blood 
from the o^^ Jersey, p^^ Angus, and Sinunental, 
respectively, Xs are the means percentage blood of Jersey, 
Angus and Simmental, respectively, and 
eijklmnopqr = random error. 
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RESULTS AND DISCUSSION 
The Angus Cattle 
Causes of calving difficulty and early calf mortality 
The arithmetic means of birth and weaning weights, 
unadjusted for the parity of the dams, for cows and heifers, 
from the 19 herd data set, are presented in Table 5. 
TABLE 5. Unadjusted means and standard deviations (SD) 
of birth and weaning weights 
Trait Cows Heifers 
Mean S.D. Mean S.D. 
Birth Weight (lbs) 71.15 17.14 66.84 13.72 
Weaning Weight (lbs) 457.99 100.97 426.61 107.58 
Preliminary studies of phenotypic means in the complete 
data set and DS-19 for calving ease and livability are 
presented in Tables 6 and 7, respectively. Comments on the 
results will be generally restricted to DS-19, upon which 
the genetic analyses were carried out. The results with the 
total data set are presented for the sake of completeness, 
although no genetic analyses were conducted with the whole 
set of records. In general, DS-19 was made up of herds 
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TABLE 6. Distribution of scores for calving ease from 
the complete data set and DS-19 
Calving ease Cows Heifers 
scores Number of Percent Number of Percent 
cases ( % ) cases ( % ) 
a) Complete data set 
1-No assistance 733,721 98.49 129,850 84.58 
2-Some assistance 8,555 1.15 18,751 12.21 
3-Heavy assistance 2,653 0.36 4,923 3.21 
b) DS-19 
1-No assistance 27,547 99.08 5,379 82.65 
2-Some assistance 185 0.67 796 12.23 
3-Heavy assistance 71 0.26 333 5.12 
TABLE 7. Distribution of scores for livability from the 
complete data set and DS-19 
Livability Cows Heifers 
scores Number Percent Number Percent 
of cases ( % ) of cases ( % ) 
a) Complete data set 
1-Weaned alive or sold 779,408 97.60 157,342 94.29 
2-Dead 24 hr. or aborted 3,312 0.41 2,224 1.33 
3-Dead preweaning 15,842 1.98 7,289 4.37 
b) DS-19 
1-Weaned alive or sold 27,040 97.26 6,079 93.41 
2-Dead 24 hr. or aborted 150 0.54 124 1.91 
3-Dead preweaning 613 2.20 305 4.69 
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designated by the American Angus Association as having a 
good reproductive management program sustained over a long 
period of time. This is verified by the frequency of scores 
in the different categories. More calvings were observed 
under a sound reproductive management program and this was 
reflected by the slightly higher frequency of assisted, 
particularly heavily assisted births in DS-19. 
Tables 6 and 7 show that the phenotypic responses for 
calving ease and livability in DS-19 were very similar to 
those observed in the whole data set. They show too, that 
for cows, in the case of the Angus breed, both dystocia and 
early calf mortality problems occurred at a very low 
frequency. These results are in agreement with findings of 
Menissier and Foulley (1979), for purebred and crossbred 
Aberdeen Angus in Great Britain. It also can be seen that 
when calving problems with cows did happen, the frequency of 
cases requiring minor assistance was about three times 
greater (0,67 %) than that of cases requiring heavy 
assistance or surgical intervention (0.26 %). It may also 
be verified that the calf death toll inflicted by causes 
unassociated or only partially associated with the calving 
process was about five times greater (2.20 %) than those 
strictly caused by parturition traumas (0.54 %). 
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In the case of heifers, Tables 6 and 7 show that a 
total of 15.42 % of births required some kind of assistance 
and that there was a total preweaning death toll of 5.70 %. 
These percentages are big enough to justify a selection 
program for calving ease for Angus heifers or, at least, a 
program to identify and recommend low risk sires for mating 
to Angus heifers. 
The effect of the sex of the calf on calving ease and 
livability for the complete data set, is presented in Tables 
8 and 9, respectively. 
TABLE 8. Distribution of observations by sex of the calf 
for calving ease, for the complete data set 
Sex of the calf Calving ease score® 
0 12 3 
0-No information 
Frequency 2,061 1,131 209 330 
Percent 0.21 0.12 0.02 0.03 
Row percent 55.24 30.31 5.60 8.85 
1-Male 
Frequency 34,121 433,818 17,315 5,024 
Percent 3.53 44.94 1.79 0.52 
Row percent 6.96 88.48 3.53 1.03 
2-Female 
Frequency 30,782 428,622 9,782 2,222 
Percent 3.19 44.40 1.01 0.23 
Row percent 6.53 90.92 2.07 0.48 
®0= no information; 1= no assistance; 2= some 
assistance; 3= heavy assistance. 
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Table 8 shows that the effect of the sex of the calf 
was an important factor in determining dystocia. This can 
be seen in both classes of assisted births, some assistance 
(3.53 % males and 2.07 % female) and mainly heavy assistance 
(1.03 % male and 0.48 % female). It is interesting to note 
in Table 8 that the row percent for no assistance for 
calving ease was consistently smaller where there was no sex 
information (30.31 %), than for male (88.48 %) or female 
(90.92 %). An interpretation of these differences may be 
that the more difficult the births the more difficult it 
becomes to record information about the sex of the calf. 
The effect of the sex of the calf on livability was not 
as clear as it was on calving ease, as may be seen in Table 
9. There were more male calves dead in the first 24 hours 
after birth (0.55 %) than there were female calves (0.39 %). 
But this difference is not high enough to securely indicate 
a tendency of higher calf mortality for male than for female 
calves. 
The contrast between row percent of calves dead 24 
hours after birth with no sex information (28.25 %) was 
higher than for male (0.55 %) and female (0.39 %). This 
indicated a certain loss of information, somewhat masking 
the real death toll. 
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TABLE 9. Distribution of observations by sex of the 
calf for livability, for the complete data set 
Sex of the calf Livability score^ 
12 3 
0-No information 
Frequency 396 1,054 2,281 
Percent 0.04 0.11 0.24 
Row percent 1.61 28.25 61.14 
1-Male 
Frequency 475,899 2,686 11,6934 
Percent 49.29 0.28 1.21 
Row percent 97.07 0.55 2.38 
2-Female 
Frequency 460,455 1,796 9,1572 
Percent 47.69 0.19 0.95 
Row percent 97.67 0.39 1.94 
®1= weaned alive; 2= dead first 24 hr; 3= dead 
preweaning. 
The effect of the sex of the calf on calving ease for 
DS-19 is presented in Tables 10 and 11, respectively. 
Table 10 shows that the sex of the calf was an important 
factor affecting calving ease, that the birth of male calves 
presented in general more calving problems than the birth of 
female calves, and that the differences between sexes 
increased directly with the degree of calving difficulty. 
These results agree with the literature, although the 
magnitude of the differences between birth of male and 
female calves in the Angus breed was not as evident as it is 
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TABLE 10. Distribution 
for calving 
of observations by sex 
ease, for DS-19 
of the calf 
Sex of the calf Calving 
1 
ease score® 
2 3 
1-Male 
Frequency 
Percent 
2-Female 
Frequency 
Percent 
16,789 
49.03 
16,093 
47.00 
625 
1.83 
345 
2.08 
279 
0.81 
111 
0.67 
®l=no assist.; 2 =some assist .; 3=heavy assist. 
TABLE 11. Distribution 
for calving 
of observations by sex 
ease in DS-19, for cows 
of the calf 
and heifers 
Sex of the calf Calving 
1 
ease score® 
2 3 
Cows : 
1-Male 
Frequency 
Percent 
2-Female 
Frequency 
Percent 
14,208 
51.17 
13,311 
47.94 
125 
0.45 
56 
0.20 
44 
0.16 
23 
0.08 
Heifers : 
1-Male 
Frequency 
Percent 
2-Female 
Frequency 
Percent 
2,581 
39.86 
2,782 
42.97 
500 
7.72 
289 
4.46 
235 
3.63 
88 
1.36 
^l=no assist.; 2=some assist.; 3=heavy assist. 
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in the large beef breeds, where the frequency of dystocia is 
systematically greater. Through the figures presented in 
Table 11, it is evident that at the present moment dystocia 
does not represent a substantial problem for cows in the 
Angus breed, although it may become a greater problem as 
selection for growth traits increases the calf's birth 
weight. On the other hand, it is clear that dystocia was an 
important trait affecting the reproductive performance of 
Angus heifers, justifying immediate action in terms of the 
adoption of a selection program capable of reducing the 
incidence of calving difficulties, since they inflict damage 
either due to losses of calves and dams or by crippling the 
reproductive response of young dams. These findings are 
well in agreement with the literature, which shows that the 
impact of sex differences is greater in younger than in 
older cows. 
The effect of the sex of the calf on livability for 
DS-19 is reported in Tables 12 and 13. In general, the role 
of sex was less important for livability than it was for 
calving ease, since there was not a great difference in the 
frequency of deaths between male and female calves. In the 
heifer data set, however, where calf losses in the first 24 
hours were important, it can be seen that the losses were 
two times greater in male than in female calves. These sex 
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TABLE 12. Distribution of observations by sex of the calf 
for livability, for DS-19 
Sex of the calf Livability score® 
1-Male 
Frequency 17,007 163 523 
Percent 49.67 0.48 1.53 
2-Female 
Frequency 16,107 91 351 
Percent 47.04 0.26 1.02 
®1= weaned alive; 2= dead first 24 hr; 3= dead 
preweaning. 
TABLE 13. Distribution of observations by sex of the calf 
for livability in DS-19, for cows and heifers 
Sex of the calf Livability scores 
1 2 
a 
3 
Cows; 
1-Male 
Frequency 13,932 85 360 
Percent 50.17 0.31 1.30 
2-Female 
Frequency 13,106 57 227 
Percent 47.20 0.20 0.82 
Heifers: 
1-Male 
Frequency 3,075 78 163 
Percent 49.49 1.20 2.52 
2-Female 
Frequency 3,001 34 124 
Percent 46.35 0.53 1.91 
®1= weaned alive; 2= dead first 24 hr; 3= dead 
preweaning. 
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differences were maintained in the cases which survived the 
birth process but death happened prior to weaning, although 
this group does not exactly fit the definition of early calf 
mortality, which is directly related to the calving process, 
since the deaths may occur any time between birth and 
weaning. However, deaths prior to weaning cannot be 
completely unassociated with calving traumas, since 
certainly an unknown proportion of these deaths happen in 
the first weeks after birth. These deaths may be related to 
mechanical injuries during parturition, failure to ingest 
enough colostrum in the crucial first 12 hours after birth, 
or even insufficient milk yield by the dam in the first 
month after calving as a consequence of a traumatic 
parturition. 
The association of calving ease with livability is 
shown on Tables 14 and 15. Livability is clearly associated 
with dystocia, although dystocia alone is not enough to 
explain all calf losses at birth. This fact is supported by 
Philipsson (1976a) and Meijering (1984), who show that a 
major proportion of stillborn calves result from calvings 
reported to be normal. Table 14 shows that while only 0.54 
% of the calves born from unassisted births died in the 
first 24 hours of life, 18.67 % of the calves born from 
assisted births died in the same period. These results 
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TABLE 14. Relationship between dystocia and 
livability in DS-19 
Dystocia scores Livability scores a 
1 2 3 
1-No assistance 
Frequency 31,939 178 809 
Percent 93.09 0.52 2.36 
Row percent 97.00 0.54 2.46 
2-Some assistance 
Frequency 876 35 70 
Percent 2.55 0.10 0.20 
Row percent 89.30 3.57 7.14 
3-Heavy assistance 
Frequency 304 61 39 
Percent 0.89 0.18 0.11 
Row percent 75.25 15.10 9.65 
^1= weaned alive; 2= dead first 24 hr; 3= dead 
preweaning. 
confirm the literature findings (Laster and Gregory, 1973; 
Liboriussen, 1979; Langholz, Diehl and Pabst, 1979; 
Menissier and Foulley, 1979; Meijering, 1984; Berger, 1986), 
which hold dystocia as the main cause of early calf 
mortality (responsible for about 60 % of its variation). 
Although the frequencies of calving ease and livability 
problems were much lower for cows than they were for 
heifers, the participation of dystocia as a causal component 
of early calf mortality in the Angus breed proved to be more 
important for cows than for heifers. One explanation for 
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TABLE 15. Relationship between scores for dystocia 
and livability in DS-19, for cows and 
heifers 
Dystocia scores Livability scores® 
Cows; 
1-No assistance 
Frequency 26,847 123 577 
Percent 96.56 0.44 2.08 
Row percent 97.46 0.45 2.09 
2-Some assistance 
Frequency 153 13 19 
Percent 0.55 0.05 0.07 
Row percent 82.70 7.03 10.27 
3-Heavy assistance 
Frequency 40 14 17 
Percent 0.14 0.05 0.06 
Row percent 56.34 19.27 23.94 
Heifers : 
1-No assistance 
Frequency 5,092 55 232 
Percent 78.24 0.85 3.56 
Row percent 94.66 1.02 4.31 
2-Some assistance 
Frequency 723 22 51 
Percent 11.11 0.34 0.78 
Row percent 90.83 2,76 6.41 
3-Heavy assistance 
Frequency 264 47 22 
Percent 4.06 0.72 0.34 
Row percent 79.28 14.11 6.61 
®1= weaned alive; 2= dead first 24 hr; 3= dead 
preweaning. 
such a phenomenon is that older cows are more subject to 
difficult calvings due to abnormal presentation of the calf 
57 
than heifers, as reported by Philipsson {1976a) and Price 
and Wiltbank (1978). Table 15 shows that there were more 
deaths at birth among those assisted than unassisted (16.87 
% vs. 1.02 %). The same kind of deaths, for cows, showed 
that while only 0.44 % of the calves died when there was no 
assistance, 26.75 % of the calves died when assistance at 
birth was required. These figures show that even with the 
frequency of calving problems in Angus cows being low, the 
use of easy calving sires or a selection program designed 
for calving ease in the Angus cows, may substantially reduce 
the loss of calves at birth. The same reasoning applies to 
the Angus heifers, reinforced by the fact that the frequency 
of calving difficulty is higher in heifers than in cows. 
The literature points out that the weight of the calf 
at birth is the main genetic factor associated with dystocia 
(Laster and Gregory, 1973; Philipsson, 1976b; Burfening et 
al., 1978b; Liboriussen, 1979; Menissier and Foulley, 1979; 
Short et al., 1979). Although there was no clear effect of 
the calf's birth weight on calving ease for the Angus cows, 
probably due to the low frequency of calving problems with 
cows in relation to heifers, the frequency of dystocia with 
heifers increased in direct proportion to the increase in 
the calf's birth weight. Literature results report birth 
weight as being an important causal component of dystocia 
for both, cows and heifers, but with the contribution of FPI 
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being larger for heifers than for cows (Laster and Gregory, 
1973; Notter et al., 1978; Meijering, 1984). With the 
projection of birth weights in 8 lbs. intervals, it became 
evident that there was a birth weight threshold effect at 
about 70 lbs. of weight at birth, from which the number of 
assisted births in heifers increases linearly. This 
threshold effect can be seen in Figure 4. This nonlinearity 
of birth weight effect on dystocia is supported by results 
shown by Philipsson (1976b), Burfening et al. (1978a), 
Liboriussen (1979), and Menissier and Foulley (1979). 
Similar thresholds can be shown for livability, for 
both cows and heifers, although the threshold was more clear 
for heifers than for cows. There was no threshold 
associated with birth weight for deaths between the first 
day of life and weaning, where the frequency of deaths is 
spread across all birth weight classes without a defined 
pattern. This emphasizes the fact that preweaning deaths 
have a weaker relation to the birth process than those which 
occurred in the first 24 hours after birth, as can be seen 
in Figure 5. 
There was no clear effect of the age of heifers at 
calving, either on dystocia or on livability. Apparently, 
younger heifers tended to require more minimum assistance 
than older heifers, although the same trend could be seen in 
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relationship between age of Angus heifers and livability, 
although apparently older heifers had a slightly smaller 
loss of calves than those calving at a younger age, as can 
be seen in Figure 7. 
Any conclusion about the effect of age of heifers as 
causal components of dystocia and early calf mortality in 
the Angus breed has to be drawn carefully, since the low 
incidence of these phenomenon in the breed may mask the real 
importance of this factor. Menissier and Foulley (1979), 
however, for the case of Charolais heifers, present a clear 
threshold effect of age of heifers at first calving on 
livability, with extremely young heifers producing calves 
which are too weak to survive and extremely old heifers 
producing calves which are too heavy, thereby increasing the 
frequency of dystocia. In both Figures 6 and 7, calf losses 
by age of heifers at calving in monthly intervals, is 
presented. 
There is no evidence of calving difficulty affecting 
weaning weight of Angus calves, since heavier calves born 
alive are heavier at weaning, as shown in Figure 8. 
Traumatic births may have no effect on subsequent 
performance during the preweaning period or the stress may 
be overcome by compensatory growth up to weaning. The 
latter seems to be more likely since traumatic births affect 
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both the calf and the dam. This is an important result 
indicating little need of selection against birth weight in 
Angus cows, because heavy calves at birth have high 
survivability. This may be advantageous for the Angus 
breed, since the main drawback of selection programs against 
dystocia is to slow down the genetic progress of selection 
favoring growth traits. It may be possible to suggest that 
in the case of the Angus breed, a selection program to 
improve calving ease will only need to impose restrictions 
on birth weight of calves produced by heifers. 
Estimation of genetic parameters 
Genetic parameters for calving ease in the Angus breed 
for the data sets of 19 herds (DS-19) and 34 herds (DS-34), 
respectively, are presented in Table 16. The prior values 
for DS-19 were 33.48 and 32.38 respectively for the ratios 
of error to sire variance and error to maternal grandsire 
variance (from Dwyer, Schaeffer and Kennedy, 1986). The 
results of DS-19 provided the priors used with DS-34. 
Table 16 shows, for calving ease in DS-19, a maternal 
grandsire variance 20.5 % greater than the sire variance and 
a negative sire/maternal grandsire covariance, equivalent in 
magnitude to the sire variance. When looking at the genetic 
components of these variance-covariance terms, we find the 
maternal variance 42.4 % greater than the direct variance. 
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TABLE 15. Genetic parameter estimates obtained through 
variance component estimation for calving ease, 
DS-19 and DS-34 
Genetic parameter DS-19 DS-34 
Sire variance 0 .00283 0 .00109 
®MGS variance 0 .00356 0 .00321 
Sire/MGS covariance -0 .00273 -0 .00127 
Error variance 0 .04702 0 .06058 
Direct variance 0 .01132 0 .00435 
Maternal variance 0 .02800 0 .01902 
Direct/maternal covariance -0 .01659 -0 .00726 
Direct/maternal correlation 1 o
 
00
 
cn
 
-0.68 
Direct heritability 0.21 0.07 
Maternal heritability 0.27 0.20 
^MGS= Maternal grands ire. 
and a negative direct/maternal covariance 18.8 % greater in 
absolute value than the direct variance. As a consequence 
of these results, the maternal heritability was 12.5 % 
greater than the direct heritability. 
The value for the direct heritability (hp = 0.21) is 
closer to the range of results found in the literature for 
direct heritability of calving ease in heifers (hp = 0.03 to 
0.20) and in cows (hg = 0.0 to 0.08) than the results for 
the maternal heritability. The maternal heritability (h^ = 
0.27), was higher than estimates in the literature for both 
heifers (h^ = -0.03 to 0.20) and cows (h^ = 0.0 to 0.04). 
Higher maternal (h^ = 0.20) than direct (hp = 0.05) 
heritability has been reported by Burfening et al. (1978c) 
in Simmental and its crosses. Slightly greater maternal (h^ 
= 0.12) than direct (hp = 0.11) heritabilities were found in 
Holsteins by Dwyer, Schaeffer and Kennedy (1986), using a 
model similar to that used in the present work. The genetic 
correlation between direct and maternal effects (rgOM ~ 
-0.86) sharply contradicts the small positive correlations 
(0.0 to 0.40) reported by Foulley and Menissier (1979), 
Philipsson et al. (1979), Menissier, Foulley and Pattie 
(1981c), and Thompson, Freeman and Berger (1981). Although 
agreeing in sign, it was much higher than the negative 
results (-0.25 and -0.55) reported by Philipsson (1976c) and 
Burfening et al. (1978c), all working with separate models 
for estimating the direct and maternal effects. Dwyer, 
Schaeffer and Kennedy (1986), using a model including sire 
and maternal grandsire, found a moderate positive value 
(0.22), for the Holstein breed. Aside from differences in 
methodology and sampling errors, breed differences may 
explain why the results appear to be contradictory. We 
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chose to use two independent samples of herds and in fact 
our results were repeated across both sets of herds, as may 
be seen in Table 16. In DS-34, the maternal grandsire 
variance was 49.4 % greater than the sire variance and there 
was a negative sire/maternal grandsire covariance similar in 
absolute value to the sire variance. The maternal variance 
was 62.8 % greater than the direct variance, and the 
direct/maternal covariance was 25.1 % greater in absolute 
value than the direct variance. The genetic correlation 
between direct and maternal effects was smaller (rgo^ = 
-0.68), but still high enough to show an important 
antagonism between these components in the Angus breed. 
Near zero or positive genetic correlations between 
direct and maternal components have been reported in dairy 
breeds (Philipsson, 1976b; Bar-Anan, Soller and Bowman, 
1976; Thompson, Freeman and Berger, 1981) and in the 
Charolais breed (Foulley and Menissier, 1979; Menissier, 
Foulley and Pattie, 1981c), all of which are breeds known to 
show moderate to severe occurrence of dystocia. The 
exception of a reasonably high negative genetic correlation 
(-0.55) in data with moderate dystocia's frequency (17.5 % 
of assisted births) is presented by Burfening et al. (1978c) 
for Simmental and its crosses in field data from the United 
States. 
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The Angus breed has long been recognized as a maternal 
breed, due to the breed's high fertility and great maternal 
instinct. This legend leads one to expect there is little 
variation in its maternal components. However, the higher 
maternal variance as compared to the direct variance, the 
high negative genetic correlation between direct and 
maternal effects, and the moderate maternal heritability 
(12.5 % greater than the direct heritability) reported in 
Table 16, show substantial variation in the Angus breed for 
maternal ability for calving ease. This apparent 
contradiction may be explained by the fact that the direct 
and maternal variances have been working in opposite 
directions, creating a condition of equilibrium that 
maintained relatively high direct and maternal variation. 
It is clear that besides an important non-genetic effect of 
uterine environment determining the size and shape of the 
calf, the effects of genes that find expression in the 
daughters as dams play a very important role to explain the 
low frequency of calving problems in Angus cows. One 
possible biological explanation for this maternal 
superiority of the Angus breed may be related to a greater 
selection differential for growth in males and the change of 
selection goals experimented by the breed in the '60s, 
moving from short and compact animals to larger and slender 
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individuals. With this change of selection direction, a new 
ceiling for size was established for the breed. With size 
still increasing and calving problems being rare (except for 
maiden heifers), heavy calves at birth are desirable to 
provide large, well constructed replacement heifers, better 
fit to be mated to faster growing bulls than those coming 
from easy calving, light weighted calves. This would 
explain in part the high negative correlation: bulls that 
sire heavier calves are more inclined to cause calving 
difficulties, but are the best sires of future dams (cows 
with ideal pelvic dimensions). 
Independent of biological reasons, it is clear that 
selection goals in the Angus breed must be aimed to protect 
the breed's best gift from nature, its maternal ability. 
With a moderate maternal heritability, greater than the 
direct heritability, selection objectives should be directed 
towards maternal performance, giving the breed an 
opportunity to preserve and improve its leading position as 
a preferred maternal breed in crossbreeding programs. The 
use of easy calving sires should only be recommended in the 
case of heifers. Growth, on the other hand, will not suffer 
heavily, since the maternal grandsires contribute with half 
of the direct additive effect that the sires contribute, and 
the heritability for maternal effects is superior to that 
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for direct effects. Another way of preserving the breed's 
maternal ability while minimizing conflicts with growth 
traits is to select the animals for rate of growth instead 
of weights, since growth rate is less correlated with birth 
weight than are weights at specific ages. 
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FIGURE 9. Mixed model solutions of sex-parity for calving 
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The mixed model solutions for the sex-parity subclasses 
for calving ease in DS-19 and DS-34, respectively, are 
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presented in Figure 9. The apparent interaction shown in 
these figures reflects a scaling factor, since the frequency 
of assisted births in heifers (15.42 %) was much higher than 
that in cows (1.51 %), as has been shown in the phenotypic 
results in DS-19. Hill (1977), points out that according to 
the theory of all-or-none characters, the estimated 
heritability increases as the mean frequency of the trait 
increases. From Figure 9 it is evident that the magnitude 
of calving problems was much higher in heifers than in cows, 
and that in both cases male calves had more difficult births 
than female calves. 
Genetic parameters for livability for the Angus breed 
are presented in Table 17. The prior values for DS-19 were 
1832.61 and 1102.56 respectively, for the ratios of error to 
sire variance and error to maternal grandsire variance (from 
Martinez, 1982). The estimates from DS-19 provided the 
priors used with DS-34. Comments on results presented are 
restricted to DS-19, since the estimate of maternal 
grandsire variance went out of the parameter space in the 
first iteration. Negative estimates of variances for 
livability are frequent in the literature, indicating that 
the trait is heavily affected by environmental factors. For 
livability, the maternal grandsire variance was 66.7 % 
larger than the sire variance and 65.5 % larger in absolute 
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TABLE 17. Genetic parameter estimates obtained through 
variance component estimation for livability, 
DS-19 and DS-34 
Genetic parameter DS-19 DS-34 
Sire variance 0. 000077 0 .000022 
®MGS variance 0. 000155 -0 .000022 
Sire/MGS covariance -0. 000081 -0 .000011 
Error variance 0. 006945 0 .004816 
Direct variance 0. 000309 
Maternal variance 0. 001022 
Direct/maternal covariance -0. 000480 
Direct/maternal correlation 1 0
 
01
 
Direct heritability 0.04 
Maternal heritability 0.09 
®MGS= Maternal grandsire. 
value than the negative sire/maternal grandsire covariance. 
The genetic decomposition of these values showed a maternal 
variance 76.8 % larger than the direct additive variance 
and 68.0 % larger in absolute value than the negative 
direct/maternal covariance. Also, the maternal heritability 
was 69.2 % higher than the direct heritability. 
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The value for the direct heritability (hp = 0.04) was 
within the range found in the literature (hp = 0.0 to 0.05), 
but the estimate of the maternal heritability (h^ = 0.09) 
was greater than those previously reported (hj^ = 0.0 to 
0.05). The estimate of the genetic correlation between 
paternal and maternal components (rgo^ = -0.75) is in 
disagreement with the positive correlation reported by Bar-
Anan, Soller and Bowman (1976) and Philipsson et al. (1979), 
and was somewhat larger than that reported by Meijering 
(1985), rgQM - -0.68. Estimates of heritability of 
livability found in this work and in the literature do not 
show enough genetic variation to encourage direct selection 
for this trait. The genetic correlation between calving 
ease and livability reported by Philipsson et al. (1979) (rg 
= 0.60 to 0.80 as a trait of the calf and rg = 0.50 to 0.70 
as a trait of the dam), however, shows that genetic progress 
for livability may be achieved as a consequence of selection 
on calving ease. The fact that the maternal grandsire 
variance was twice as large as the sire variance for 
livability in the Angus breed emphasizes the role of 
mothering ability in the survival of the newborn calf. The 
higher heritability of the maternal component and the large 
negative genetic correlation between direct and maternal 
effects reinforce the possibility of correlated response for 
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genetic progress in livability through selection favoring 
the maternal component of calving ease. Certainly, easy 
calving cows have better opportunity to provide the 
colostrum and maternal care required by the calf in its 
beginning life to assure survivability. 
The mixed model solutions for the sex-parity subclasses 
for livability for DS-19 and DS-34 are presented in Figure 
10, with similar phenotypic trends as those shown by the 
solutions for calving ease. 
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Sire evaluation 
The maternal grandsire and sire evaluation was done 
only for calving ease, since the variance component 
estimates for livability presented very poor estimates of 
heritability with DS-19 and a negative estimate of maternal 
grandsire variance was obtained with DS-34. The mixed model 
evaluation was conducted with DS-34 (larger number of bulls 
than in DS-19), with the inclusion of the inverse of the 
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relationship matrix among sires and maternal grandsires in 
the model. After insertion of the relationship matrix, the 
total number of bulls increased from 2,856 to 2,998 bulls, 
since the sires and maternal grandsires of some of these 
bulls had no progeny themselves. After obtaining solutions 
from the model including sires and maternal grandsires (full 
model) separate models for sire and maternal grandsire 
evaluation (independent models) were analyzed, with the 
intention of comparing solutions considering the 
sire/maternal grandsire covariance with those disregarding 
the covariance. The product moment correlations and rank 
correlations for both, the full and independent models are 
shown in Table 18. 
TABLE 18. Product moment correlations and rank correlations 
for the mixed model maternal and direct solutions 
Corre- Full model Independent model 
lation Maternal Direct Maternal Direct Progeny MGP 
Product moment 
Maternal 1.00 -0.78 0.88 0.06 -0.01 -0.06 
Direct -0.78 1.00 -0.46 0.50 0.07 0.08 
Rank 
Maternal 0.86 -0.70 0.72 0.04 -0.03 -0.06 
Direct -0.69 0.87 -0.42 0.38 0.06 0.07 
®MGP= Maternal grandprogeny. 
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Due to the high negative genetic correlation between 
direct and maternal effects, the product moment and rank 
correlations between sire and maternal grandsire solutions 
for the full model were high and negative, indicating that 
the choice of sires to use in selection programs will be 
virtually opposite to each other depending on the selection 
criteria being direct or maternal. There were high positive 
correlations (product moment and rank) between maternal 
solutions of the full model with those of the independent 
maternal grandsire model, while these same correlations are 
only moderate between direct solutions of the full model and 
those of the independent sire model. These correlations 
imply that more divergent choices of bulls were made when 
the sire/maternal grandsire covariance is not taken into 
account by the model in the case of selection for direct 
than for maternal effects. This difference is a reflection 
of the higher maternal heritability, and consolidates 
previous comments on the fact that the best recommendation 
of selection for calving ease in the case of the Angus breed 
should be based on maternal variability. The high negative 
genetic correlation between direct and maternal effects 
makes it imperative that bull evaluation for calving ease in 
the Angus breed include both sire and maternal grandsire in 
the model. The correlations near zero in Table 18 between 
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either progeny or maternal grandprogeny with solutions or 
ranks, indicate that the model used in the present work was 
successful in accounting for differences in progeny number. 
The percentile distribution of direct solutions and maternal 
solutions for the full model, sire solutions and maternal 
grands ire solutions for the independent models may be seen 
in Figures 11, 12, 13, and 14, respectively. 
A list of the best, average, and the poorest five bulls 
and their ranks based on the maternal solutions for the full 
model as well as the ranks of the five most popular bulls is 
shown in Table 19. Although selection for the maternal 
effects is more difficult to practice, the results from the 
estimation of genetic parameters and sire evaluation show 
that faster genetic progress can be expected for calving 
performance in Angus cattle, when selection for calving ease 
is based on the maternal component. In order to be 
successful a proper balance must be maintained between 
direct and maternal components due to the negative genetic 
correlation between these two components. We suggest the 
following selection and mating strategy; 
a) Select bulls for maternal calving ease. 
b) Mate these selected bulls to reproductively sound 
cows to produce young bulls. 
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TABLE 19. List of the best, average, and poorest bulls as 
maternal grandsires and the five most popular 
bulls 
Bull Solutions Ranks 
Reg. Full model Ind. model Full mod. Ind. mod. 
No. Mat. Dir. Sire MGS Mat. Dir. Sire MGS 
Best 
9777179 -0. 1677 0 .1094 0 .0021 0 .1383 1 2997 1990 2998 
9836208 -0. 1536 0 .1108 0 .0143 0 .1315 2 2998 2424 2997 
9957223 -0. 1474 0 .0968 -0 .0190 0 .1032 3 2996 657 2993 
9033627 -0. 1387 0 .0679 -0 .1278 0 .0039 4 2993 2 2154 
9459638 -0. 1254 0 .0205 -0 .1352 -0 .0056 5 2800 1 805 
Average 
3060499 -0. 0014 -0 .0004 -0 .0076 -0 .0010 1497 1305 1174 1306 
8717334 -0. 0014 -0 .0175 -0 .0146 -0 .0295 1498 289 816 119 
3835070 -0. 0014 0 .0005 -0 .0005 0 .0002 1499 1517 1613 1538 
3398878 -0. 0014 0 .0005 -0 .0005 -0 .0001 1500 1516 1615 1539 
3201110 -0. 0014 0 .0005 -0 .0005 0 .0000 1501 1515 1607 1592 
Poorest 
9741839 0. 1988 -0 .0222 0 .3548 0 .0395 2994 187 2997 2949 
9773319 0. 2003 -0 ,0912 0 .1429 -0 .0524 2995 2 2973 16 
6506445 0. 2446 -0 .0796 0 .2823 0 .0513 2996 4 2996 2973 
9263268 0. 2578 -0 .0929 0 .2623 0 .0007 2997 1 2994 1803 
9233329 0. 3101 -0 .0341 0 .3951 0 .0705 2998 74 2998 2986 
Most popular a 
8974207 -0. 0208 0 .0161 -0 .0074 0 .0191 586 2702 1187 2774 
7163813 0. 0135 0 .0307 0 .0193 0 .0340 2334 2909 2522 2924 
6639770 -0. 0149 0 .0026 -0 .0171 -0 .0126 759 1844 715 459 
4020208 -0. 0091 -0 .0042 -0 .0111 -0 .0081 1013 812 980 658 
7011424 -0. 0081 -0 .0349 -0 .0235 -0 .0364 1090 70 511 65 
^(705;2382) (1309;1367) (139;706) {241;508) (440,-336) 
sons and maternal grandsons, respectively. 
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c) Eliminate part of the young bulls based on their own 
calving ease and growth rate. 
d) Progeny test the selected sample of bulls for the 
calving performance of their daughters. 
The Synthetic Cattle 
Phenotypic results 
The phenotypic values for calving ease and livability 
in the ISU beef breeding project are presented in Table 20. 
The results in Table 20 show that although there is a 
moderate frequency of dystocia in the synthetic cattle the 
frequency of early calf mortality cases is very low. These 
numbers are in agreement with those presented for the Angus 
cattle. The differences between farms, for calving ease and 
livability are presented in Table 21. Although there were 
more assisted births at Rhodes (10.07 %) than at the McNay 
farm (3.77 %), there were almost twice as many stillbirths 
or abortions at McNay than at Rhodes. The implication of 
these differences is that the extra costs of close calving 
assistance in beef cattle may prove to be economicly 
justifiable, since it apparently increases calf livability. 
The general effect of size group effect is shown in 
Table 22. Livability changed very little across the three 
size groups. The small and large groups presented almost 
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TABLE 20. Phenotypic frequencies for calving ease and 
livability for the synthetic cattle 
Scores 
Calving ease 
No. of Percent 
cases ( % ) Scores 
Livability 
No. of Percent 
cases { % ) 
1 - No assistance 5,641 92.60 0 - Dead 
2 - Some assist. 51 0.80 1 - Alive 
3 - Heavy assist. 400 6.60 
95 1.60 
5,997 98.40 
TABLE 21. Differences in calving ease and livability 
frequencies between farms in the synthetic cattle 
Scores 
Calving ease 
No. of Percent 
cases ( % ) Scores 
Livability 
No. of Percent 
cases ( % ) 
a) Rhodes 
1 - No assistance 3,160 89.93 0 
2 - Some assist. 39 1.11 1 
3 - Heavy assist. 315 8.96 
b) McNay 
1 - No assistance 2,481 96.24 0 
2 - Some assist. 12 0.47 1 
3 - Heavy assist. 85 3.30 
Dead 42 1.20 
Alive 3,472 98.80 
Dead 53 2.06 
Alive 2,525 97.94 
the same percentage of early calf mortality. Both showed 
smaller percentages than the medium size group, where the 
frequency of dead calves was higher. A possible explanation 
for this higher mortality in the medium size group, is that 
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TABLE 22. Unadjusted means by size group for calving ease 
and livability in the synthetic cattle 
Calving ease Livability 
No. of Percent No. of Percent 
Scores cases { % ) Scores cases ( % ) 
a) Small 
1 - No assistance 2,272 95.54 0 - Dead 30 1.26 
2 - Some assist. 8 0.34 1 - Alive 2,348 98.74 
3 - Heavy assist. 98 4.12 
b) Medium 
1 - No assistance 2,002 92.34 0 - Dead 45 2.08 
2 - Some assist. 22 1.01 1 - Alive 2,123 97.92 
3 - Heavy assist. 144 6.64 
c) Large 
1 - No assistance 1,367 88.42 0 - Dead 20 1.29 
2 - Some assist. 21 1.36 1 - Alive 1,526 98.71 
3 - Heavy assist. 158 10.22 
the proportion of assisted births in this group was about 
half of that shown by the large group. But the size factor 
was very important for calving ease, where there was a 
linear trend, dystocia increased as size increased. The 
difference in calving difficulty from medium to large sizes 
was greater than it was from small to medium sizes, 
emphasizing the role of the calf's body size at birth in 
determining dystocia. It also may be a reflection of the 
higher percentage of large Simmental in the large size 
group. 
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TABLE 23. Unadjusted means by sex of the calf for calving 
ease and livability in the synthetic cattle 
Scores 
Calving ease 
No. of Percent 
cases ( % ) 
Livability 
No. of Percent 
Scores cases ( % ) 
a) Male 
1 - No assistance 
2 - Some assist. 
3 - Heavy assist. 
b) Female 
1 - No assistance 
2 - Some assist. 
3 - Heavy assist. 
2,757 89.98 
28 0.91 
279 9.11 
2,884 95.24 
23 0.76 
121 4.00 
0 - Dead 58 1.89 
1 - Alive 3,006 98.11 
0 - Dead 37 1.22 
1 - Alive 2,991 98.78 
The role of the sex of the calf as causal component of 
calving ease and livability is presented in Table 23. It 
may be seen that there was no clear trend of calf sex on 
livability, male calves showed a death rate at birth only 
slightly higher than that presented by female calves. For 
calving ease, on the other hand, there was a strong 
influence of the sex of the calf, male calves accounting for 
about twice as much dystocia as female calves. Since male 
calves were heavier than female calves, the sex effect gave 
more evidence for the role of the calf's body weight and 
size on determining calving difficulty. 
The effect of parity of dam on calving ease and 
livability may be seen in Table 24. Parity of dam was by 
89 
TABLE 24. Unadjusted means by parity of dam for calving 
ease and livability in the synthetic cattle 
Calving ease Livability 
No. of Percent No. of Percent 
Scores cases ( % ) Scores cases { % ) 
a) 1 parity 
1 - No assistance 1,295 77.87 0 - Dead 52 3.13 
2 - Some assist. 31 1.86 1 - Alive 1,611 96.87 
3 - Heavy assist. 337 20.26 
b) 2^^ parity 
1 - No assistance 1,250 97.43 0 - Dead 10 0.78 
2 - Some assist. 9 0.70 1 - Alive 1,273 99.22 
3 - Heavy assist. 24 1.87 
c) 3^^ or greater parity 
1 - No assistance 3,096 98.41 0 - Dead 33 1.05 
2 - Some assist. 11 0.35 1 - Alive 3,113 98.95 
3 - Heavy assist. 39 1.24 
far the only fixed effect with a defined role on livability. 
Clearly, maiden heifers presented more than twice the number 
of stillbirths than cows, although there was no distinction 
between 2^^ parity cows and older cows. This implies a need 
for different management schemes for beef heifers than for 
beef cows. The role of parity of dam on calving ease is 
conspicuous too. Again, it is evident that beef ranches may 
greatly benefit from special management procedures for 
heifers which can give them better care at calving. 
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The phenotypic relationship between calving ease and 
livability in the synthetic cattle is presented in Table 25. 
TABLE 25. Phenotypic relationship between calving ease and 
livability for the synthetic cattle 
Livability 
Alive Stillbirth 
Calving Number Percent Number Percent 
ease ( % ) ( % ) 
1 - No assistance 5,582 
2 - Some assistance 49 
3 - Heavy assistance 366 
98.95 59 1.05 
96.08 2 3.92 
91.50 34 8.50 
There is a phenotypic relationship between calving ease and 
livability, since there were more stillbirths among assisted 
births. Apparently there was also a genetic basis for this 
relationship, as was discussed in the section of 
heritability, genetic, and phenotypic correlations. 
The analysis of variance for calving ease, livability 
and birth weight is in Table 26. Generation-size was a 
highly significant factor (P<0.01) for calving ease and 
birth weight and was significant (P<0.05) for livability. 
Sires were an important source of variation for all traits 
(P<0.01). Farm-year-seasons was a highly significant effect 
(P<0.01) for calving ease and birth weight and was 
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significant (P<0.05) for livability. Sex of calf and parity 
of dam were highly significant for all traits (P<0.01). The 
interaction of sex of calf by parity of dam was highly 
significant (P<0.01) for calving ease, approached 
significance (P<0.10) for livability and vas non-significant 
for birth weight. 
Of the three sire breeds used in the development of 
large, medium, and small size synthetics, each seemed to 
have a different effect on calving ease, livability and 
birth weight. Regression coefficients (Table 27) for birth 
weight on the percentage of Jersey, Angus, and Simmental 
blood in each animal were all highly significant (P<0.01). 
Birth weight of the crossbred calves increased with an 
increasing percentage of Jersey and Simmental blood from the 
sire, but decreased with an increasing percentage of Angus 
blood from the sire. For calving ease, the regression 
coefficients for Jersey and Angus breeds were non­
significant, while calving difficulty tended to decrease 
with an increasing percentage of Simmental blood. There was 
no change in livability due to Jersey and Simmental, but 
livability tended to decline (P<0.01) with an increasing 
percentage of Angus blood. Although differences among 
specific breeds were very important for birth weight, both 
genetic and environmental factors were important to explain 
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variation in birth weight as well as in dystocia and 
stillbirths. 
TABLE 26. Analysis of variance for calving ease, livability 
and birth weight 
Test of significance a 
Source df Calving Birth 
ease Livability weight 
Generation-size 11 ***  *  ***  
Sire/generation-size 306 ***  ***  ***  
Farm-year-seasons 18 ***  ***  ***  
Sex of calf 1 ***  ***  ***  
Parity of dam 2 ***  *  *  *  ***  
Sex by parity 2 ***  * N.S. 
Regressions; b? 1 N.S. N.S. ***  
bA 1 N.S. **  ***  
bs 1 **  N.S. ***  
P<0.10; ** P<0 .05; *** P<0.01. 
Generation-size and sire/generation- size effects can 
be related to differences in breed composition from the 
initial crosses leading to the development of the synthetic 
cattle. The least squares means for size-generation 
subclasses are in Table 27. Linear functions of the 
generation-size subclasses were used to find the overall 
average for a size group. In the small and medium size 
groups the frequency of dystocia was higher in generation 1 
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and lower in generation 4, with intermediate values in 
generations 2 and 3. In the large size group, however, this 
frequency was lower in generation 2 and higher in generation 
4, with intermediate values in generations 1 and 3. 
Generation 1 showed more dystocia than generation 2 probably 
due to the influence of large size breeds in the foundation 
cows in this group (for example, Charolais and Holsteins). 
Greater frequency of calving difficulty in generations 3 and 
4 was due to a higher percentage of Simmental blood. 
Differences among generations were smaller for livability. 
There was slightly higher survivability in generations 1, 2 
and 3 than in generation 4 in the small size. In medium and 
large sizes there was slightly higher survivability in 
generation 4 than in generation 1. The highest 
survivability in the medium size was in generation 2. In 
the large size no differences in survivability were found 
among generations 1, 2 and 3. Birth weight was higher in 
generation 4 than in generation 1. The highest birth 
weights were in generation 3 for medium and large sizes, and 
in generation 4 for small size. In general, there were 
major differences among the three size groups. Calving 
difficulty was higher in the large group and about the same 
in small and medium groups. Birth weight tended to increase 
linearly across the three size groups with the increase from 
small to medium, to large. 
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TABLE 27. Least squares means for size-generation 
subclasses 
Dystocia^ Livability^ Birth wt^ 
Effect X S.E. 7 S.E. TC S.E. 
Size-Generation 
Small 1 1.21 0.03 0.98 0.009 72.8 1.3 
2 1.13 0.02 0.99 0.006 73.5 0.8 
3 1.17 0.03 0.99 0.007 74.1 0.9 
4 1.09 0.05 0.95 0.013 75.4 1.4 
Average small 1.15 0.98 73.9 
Medium 1 1.18 0.03 0.97 0.008 78.9 1.1 
2 1.14 0.02 0.99 0.006 78.9 0.7 
3 1.15 0.03 0.98 0.008 80.6 1.1 
4 1.07 0.04 0.98 0.012 79.0 1.3 
Average medium 1.13 0.98 79.3 
Large 1 1.19 0.04 0.98 0.010 85.8 1.3 
2 1.10 0.03 0.98 0.007 84.5 0.8 
3 1.25 0.03 0.98 0.009 87.7 1.1 
4 1.29 0.06 0.99 0.015 86.0 1.6 
Average large 1.21 0.98 86.0 
Regressions b-r 0.06 0.006 -0.005 0.002 2.95 0.15 
ba 0.27 0.012 -0.013 0.003 -5.09 0.29 
bs -0.12 0.010 0.008 0.003 1.27 0,24 
^Mean scores; ^"Percentage; ^Ib. 
The least squares means for sex of calf, parity of dam, 
and sex by parity are shown in Table 28. Male calves 
increased dystocia, early calf mortality and birth weight. 
First parity heifers presented more calving difficulty and 
stillbirth and smaller birth weight, followed by second 
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parity and older cows. Stillbirth frequency was no 
different for cows between second parity and third or higher 
parities. Heifers produced lighter calf birth weights, 
followed by second parity and older cows, adjusted for sex 
of calf. Differences in survivability were somewhat more 
important with male calves than with female calves across 
parities. The interaction of sex by parity for calving ease 
was important and reflected differences in magnitude. The 
differences in dystocia frequencies among parities were more 
drastic with male than with female calves, especially from 
first to higher parities. 
The least squares means by farms and years within farm, 
for calving ease, livability and birth weight, are shown in 
Table 29. Years within farm were averaged to find the 
overall average for each farm. Rhodes presented higher 
dystocia, survivability and birth weight than McNay. These 
results imply that although there was a higher frequency of 
assisted births at Rhodes, the assistance provided was 
successful enough to improve calf survivability. There were 
important variations among years within farm and , in 
general, in years with higher birth weights the frequency of 
dystocia increased. 
An overall objective in developing the synthetic cattle 
was to identify the importance of size as it relates to a 
general size effect and specific size effects explained by 
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TABLE 28. Least squares means for sex, parity and sex by 
parity 
D^stocia^ Livability^ Birth wt^ 
Effect X S.E. X S.E. X S.E. 
Sex 
Male 1.23 0.012 0.98 0. 003 82.7 0.4 
Female 1.10 0.013 0.99 0. 004 76.8 0.4 
Parity 
1 1.43 0.015 0.97 0. 004 74.7 0.4 
2 1.05 0.016 0.99 0. 004 81.0 0.5 
3 1.02 0.017 0.99 0. 004 83.6 0.5 
Sex by parity 
Male: P. 1 1.59 0.019 0.96 0. 005 77.3 0.5 
P. 2 1.06 0.020 0.98 0. 006 84.2 0.6 
P. 3 1.03 0.018 0.99 0. 005 86.6 0.5 
Female: P. 1 1.28 0.019 0.98 0. 005 72.1 0.5 
P. 2 1.02 0.021 0.99 0. 006 77.8 0.6 
P. 3 1.01 0.019 0.99 0. 005 80.5 0.5 
^Mean scores; ^Percentage; ^Ib. 
the model. Model 1 was used to explain the importance of 
size as it relates to dystocia, livability and birth weight 
in the development of the synthetic cattle. Table 30 gives 
the regression coefficients from Model 1. Predicted values 
for dystocia, livability and birth weight, based on the 
prediction equations described in the methods section under 
Model 1, are in Tables 31, 32, and 33, respectively. The 
general size effect was defined by the least-squares mean 
for size and the regression coefficients were used to 
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TABLE 29. Least squares means by farms and years within 
farm 
Dystocia^ Livability^ _Birth wt^ 
Farm Year X S.E. X S.E. X S.E. 
Rhodes 
Average 
McNay 
Average 
78 1.21 0.04 0.99 0.010 85.1 1.0 
79 1.24 0.04 0.97 0.011 85.4 1.0 
80 1.19 0.03 0.98 0.010 82.9 0.9 
81 1.21 0.03 1.00 0.009 83.1 0.9 
82 1.18 0.03 0.98 0.008 82.5 0.8 
83 1.21 0.03 0.99 0. 008 81.4 0.7 
84 1.30 0.03 0.99 0.007 85.9 0.7 
85 1.18 0.03 0.99 0.008 82.2 0.7 
86 1.21 0.03 0.97 0.008 84.9 0.7 
87 1.14 0.03 0.98 0.009 83.1 0.8 
1.21 0.98 83.6 
78 1.14 0.04 1.00 0.011 71.4 1.0 
79 1.17 0.04 0.98 0.011 75.7 1.0 
80 1.08 0.03 0.98 0.010 75.3 0.9 
81 1.08 0.03 0.97 0.009 73.0 0.8 
82 1.13 0.03 0.97 0.008 73.5 0.8 
83 1.13 0.03 0.98 0.009 72.1 0.8 
84 1.11 0.03 0.97 0.009 77.7 0.9 
85 1.12 0.03 0.97 0.009 82.0 0.8 
86 1.12 0.03 0.98 0.009 78.2 0.8 
1.12 0.97 75.4 
^Mean scores; ^ Percentage; '^Ib. 
predict specific changes due to the breed. The general size 
effects are different from those reported in Table 27, due 
to adjustments by the addition of sires. 
Table 31 shows that, in terms of magnitude, the general 
size effect was more important than each breed contribution 
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TABLE 30. Regression coefficients for breed and breed by 
size for calving ease, livability and birth 
weight (Model 1) 
Dystocia , Livability Birth weight 
Effect RC^ RC TS RC TS 
Breed 
Jersey 
Angus 
Simmental 
Breed by size 
Jersey 1 
2 
Angus 1 
2 
3 
Simmental 1 
2 
3 
-0.24 N.S. 
-0.17 N.S. 
0.17 * 
0.27 * 
0 * 
0.29 N.S. 
0.25 N.S. 
0 N.S. 
-0.17 N.S. 
0.06 N.S. 
0 N.S. 
-0.018 N.S. 
-0.015 N.S. 
-0.019 N.S. 
-0.028 N.S. 
0 N.S. 
-0.039 N.S. 
0.017 N.S. 
0 N.S. 
0.066 *** 
—0.Oil *** 
0 *** 
-25.99 *** 
-6.21 *** 
10.55 *** 
1.81 N.S. 
0 N.S. 
-7.95 ** 
-Û.44 ** 
0 ** 
-4.91 N.S. 
-2.13 N.S. 
0 N.S. 
^Regression coefficients; ^Test of significance. 
P<0.10; ** P<0.05; *** P<0.01. 
in determining dystocia. Although the frequency of 
difficult births tended to increase from small to large, it 
was evident that the difference between small and medium was 
much smaller than between medium and large. As to the 
specific breed contributions, it may be noted that the 
differences among breeds were minimal. In general, an 
increase in Jersey blood from 10 % to 80 % was slightly 
detrimental in the small size group, possibly due to a 
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TABLE 31. Predicted values for general size effect and 
changes due to specific breed effects for calving 
difficulty (Model 1) 
Breed/size 
composition 
General size 
effect 
L. S. mean 
Changes due 
specific breed 
Jersey Angus 
to 
effects 
Simmental 
10 % 
Small 0.8289 -0.0016 -0.0394 -0.0006 
Medium 0.8815 0.0132 -0.0267 -0.0162 
Large 1.1988 0.0559 -0.0119 
80 % 
Small 0.8289 0.0198 0.0439 -0.0006 
Medium 0.8815 -0.1577 0.0297 0.1492 
Large 1.1988 -0.0622 0.1076 
^Jersey X=15.4%, Angus X= =43.1%, and Simmental X=16.6%. 
reduction in size and weight of replacement heifers, but it 
was beneficial in the medium size group, where it may be 
positive in the sense of avoiding excessive increase in the 
calf's birth weight. Similar results may be seen with 
Angus, where it was not desirable to increase the breed's 
contribution to the small and medium size groups, but it is 
apparently beneficial to have a greater proportion of Angus 
blood in the large size group. On the other hand, an 
increasing proportion of Simmental appears to benefit the 
small size group, possibly by helping in the maintainance of 
the size of replacement heifers at a reasonable level. The 
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simmental, however, appears to be undesirable in the medium 
and large size groups. In any instance, these speculations 
must be looked at carefully, since the differences for the 
specific breed contributions were very small relatively to 
the role of the general size effect. 
TABLE 32. Predicted values for general size effect and 
changes due to specific breed effects for 
livability (Model 1) 
Breed/size 
composition 
General size 
effect 
L. S. mean 
Changes due 
specific breed 
Jersey Angus 
to 
effects 
Simmental 
10 % 
Small 0.9940 0.0025 0.0180 -0.0031 
Medium 0.9929 0.0010 -0.0006 0.0020 
Large 1.0122 0.0050 0.0013 
80 % 
Small 0.9940 -0.0299 -0.0200 0.0300 
Medium 0.9929 -0.0120 0.0007 -0.0032 
Large 1.0122 -0.0055 -0.0121 
^Jersey X=15.4%, Angus X= =43.1%, and Simmental X=16.6%. 
The predicted solutions for size and breed within size 
group for livability in the synthetic cattle are in Table 
32. Here one has an impression that there is variation 
between and within breeds for livability, a trait that 
appears to be tremendously dependent on erratic 
101 
environmental effects such as accidents (the cow may 
accidentally step on and kill the calf or may be too weak 
from the calving process to furnish colostrum to the calf in 
the first 12 hours after calving, etc.) or congenital 
diseases acquired during gestation (parasitosis, mineral 
deficiencies, for example). Genetic factors such as 
chromosomic errors and random mutations are possible causes 
of stillbirths that cannot be accounted for by statistical 
models in light of present knowledge. The general size 
effect was slightly more beneficial for livability than 
specific paternal breed effects, but the difference among 
definable size groups is too small to allow for definite 
conclusions. No specific breed composition could be 
identified as outstanding in the results, and the 
differences among solutions for Jersey, Angus and Simmental 
were small enough to be neglected. 
The predicted solutions for size and breed composition 
within size affecting birth weight in the synthetic cattle 
are presented in Table 33. For birth weight, similar to 
calving ease, the general size group effect was more 
important than specific breed differences. Here too, the 
trend was not linear, with the the large size group being 
much heavier at birth than either the small and medium size 
groups. The differences among breeds were well defined for 
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TABLE 33. Predicted values for general size effect and 
changes due to specific breed effects for birth 
weight (Model 1) 
General size Changes due to 
Breed/size effect specific breed effects 
composition L. S. mean Jersey Angus Simmental 
10 % 
Small 87.8196 1.3075 4.6887 -0.3723 
Medium 88.1157 1.4053 2.2045 -0.5551 
Large 94.1260 2.0575 -0.6957 
80 % 
Small 87.8196 -15.6168 -5.2246 3.5814 
Medium 88.1157 -16.7856 -2.4565 5.3399 
Large 94.1260 -2.2927 6.6929 
^Jersey X=15.4%, Angus X=43.1%, and Simmental X=16.6%. 
birth weight. An increasing proportion of Jersey 
concentration in the synthetic cattle depress birth weight 
while a greater proportion of Simmental tended to increase 
birth weight. The effect of Jersey on decreasing birth 
weight was markedly stronger than that of Angus. 
Heritabilitv, genetic, and phenotypic correlations 
The results of genetic parameter estimation for calving 
ease, livability, and birth weight for the synthetic cattle 
are presented in Tables 34 and 35, respectively. 
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TABLE 34. Sire and error variances and heritability 
estimates for calving ease, livability and birth 
weight 
Sire Error Direct 
variance variance h S.E. 
Calving ease® 0.00260 0.20471 0.05 0.02 
Livability" ^  0.00023 0.01495 0.06 0.02 
Birth veight^ 7.38366 112.97911 0.25 0.03 
^Mean scores; ^Percentage; ^Ib. 
The estimate of direct heritability for calving ease in 
2 
the synthetic cattle (hg = 0.05) is smaller than the 
estimates found for the Angus cattle in DS-19 and DS-34 (hg 
= 0.07 to 0.21), but it fits well within the range of values 
mentioned in the literature ( hp = 0.03 to 0.20 in heifers 
and 0.0 to 0.08 in cows) by Bar-Anan, Soller and Bowman 
(1976); Philipsson (1976b), Tong, Wilton and Schaeffer 
(1976); Burfening et al. (1978c); Teixeira (1978); Bar-Anan 
(1979), Philipsson et al. (1979); Thompson, Freeman and 
Berger (1981); Djemali (1985). The estimate of direct 
heritability for livability (hg = 0.06) is slightly higher 
than the result for Angus field data (hg = 0.04) and 
slightly greater than the values found in the literature, hg 
= 0.0 to 0.05, by Bar-Anan, Soller and Bowman (1976); 
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Philipsson (1976b); Philipsson et al. (1979); Meijering 
(1985). The direct heritability estimate of birth weight 
falls almost as an average value of the range of literature 
findings, of hg = 0.05 to 0.45 (Foulley and Menissier, 1979; 
Burfening, Kress and Friedrich, 1981; Meijering, 1985). 
TABLE 35. Genetic (below the diagonal) and phenotypic 
(above the diagonal) correlations among calving 
difficulty, livability and birth weight 
Dystocia Livability Birth wt. 
Est. S.E. Est. S.E. Est. S.E. 
Dystocia® . -0.14 0.14 0.12 0.07 
Livability" _ -0.03 0.02 0.05 0.01 
Birth weight^ 0.50 0.18 -0.26 0.17 
^Mean scores; ^Percentage; ^Ib. 
A negative genetic correlation between calving 
difficulty and livability (the more difficult births, the 
more stillbirths), and between birth weight and livability 
(heavier the calves at birth higher the probability of 
stillbirths) as well as a positive genetic correlation 
between birth weight and dystocia (the heavier the calves at 
birth, the more difficult births) were found. This was in 
part due to the way in which calving ease (1= no assistance, 
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2= some assistance, and 3= heavy assistance) and livability 
(0= aborted or stillbirth and 1= calf born alive) were coded 
for the synthetic cattle. The absolute value of the genetic 
correlation between dystocia and livability (rg = -0.03) was 
well below the range in values reported in the literature 
(rg = 0.60 to 0.80). In the absence of any association 
between these traits in the synthetic cattle, we cannot 
expect a correlated response to selection for calving ease 
which will reduce early calf mortality. In fact, there is 
little to suggest any association between these two traits, 
as indicated by the phenotypic correlation of -0.14. This 
is not a general result because, in large breeds there is a 
higher relationship. It seems to be more of a consequence 
of the low incidence of early calf mortality in these data. 
The genetic correlation between livability and birth 
weight (rg = -0.26) was smaller than that referred to by 
Philipsson et al. (1979) (rg = 0.40), but the authors 
emphasize that the genetic association between these traits 
is not strong. That is, other factors beside a heavy calf 
have to be found that are responsible for calf mortality in 
the first 24 hours after the calf is born. This comment 
finds support in the extremely low phenotypic correlation 
between livability and birth weight (rp = 0.05), which shows 
that aside from these traits not being genetically related. 
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the environmental factors causing their variation are not 
mutually related. 
The genetic correlation between dystocia and birth 
weight (rg = 0.50) was lower than the values varying from 
0.86 to 0.91 reported by Foulley and Menissier (1979), 
Philipsson et al. (1979), and Menissier, Foulley and Pattie 
(1981b). This lower genetic correlation in the synthetic 
cattle was expected, since these authors worked with larger 
breeds (Charolais, Blond d'Aquitaine, MRY) in which the 
incidence of dystocia was very high. A genetic correlation 
of 0.5, however, is a warning important enough to weight 
against selection of the synthetic cattle for birth weight 
without evaluation of the sires for calving ease. The 
phenotypic correlation between calving ease and birth weight 
(rp = 0.12) is low, but within the range of values reported 
in the literature, from 0.11 to 0.73 (Rice and Wiltbank, 
1970; Conteaudier et al., as cited in Meijering, 1984; 
Philipsson, 1976b; Burfening et al., 1978a; Foulley et al., 
1978; Menissier and Foulley, 1979; Menissier, Foulley and 
Pattie, 1981a). So broad a range of values is an indication 
that the phenotypic association between calving ease and 
birth weight has to be looked at on a within breed/herd 
basis. 
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SUMMARY AND CONCLUSIONS 
The Angus Cattle 
The data were composed of 965,417 calving records 
furnished by the American Angus Association. They were used 
to identify phenotypic factors affecting calving ease and 
livability. The results were then compared with those 
obtained from a smaller data set composed of 19 herds 
(34,311 records), known to have good herd reproductive 
management over an extended period of time. The records 
were collected between 1972 and 1985 from a performance 
program conducted throughout the United States. Since no 
alarming discrepancies were found between frequencies for 
assisted births and stillbirths from all the data and the 19 
herds, the latter was chosen to study phenotypic and genetic 
factors affecting calving ease and livability in Angus 
cattle. The genetic models were then repeated with an 
independent sample of 34 herds (50,854 records). In both, 
DS-19 and DS-34, no restrictions were imposed for a minimum 
number of progeny or maternal grandprogeny, to obtain 
estimates representative of field data. 
Variance components were estimated using iterative 
Henderson's Simple Method (HSM), due to its advantages in 
terms of feasibility and ease of computing. Sires and 
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maternal grandsires were included in the model. Sex-parity 
subclasses were absorbed after herd-year-seasons to account 
for preferential or corrective matings. Later the model was 
modified, to include the inverse of the relationship matrix 
among sires and maternal grandsires, to conduct a sire 
evaluation. 
Dystocia proved to be a very small problem in purebred 
Angus cows (0.93 % assisted births), with a moderate to high 
frequency in purebred Angus heifers (17.35 % assisted 
births). Birth weight, however has a threshold effect. It 
can increase up to an optimum of about 70 lbs. with little 
expected increase in calving difficulty. But the latter 
increases linearly beyond the optimum birth weight. 
In both DS-19 and DS-34, the maternal grandsire 
variance was substantially higher than the sire variance for 
calving ease. The sire/maternal grandsire covariance was 
negative and similar in absolute value to the sire variance. 
Consequently, the genetic correlation between direct and 
maternal effects was high and negative (-0.86 and -0.68), 
indicating an antagonism between direct and maternal 
effects. The maternal heritability (0.27 and 0.20) was 
consistently higher than the direct heritability (0.21 and 
0.07). Higher estimates of maternal heritability and a high 
negative genetic correlation between direct and maternal 
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components imply that although selection for the maternal 
effects is difficult to practice, the estimates of genetic 
parameters and sire evaluation show that faster genetic 
progress can be expected in Angus cattle when selection for 
calving ease is based on the maternal component. If this 
strategy is adopted, the Angus breed will have the 
opportunity to further improve its excellent mothering 
ability. 
Estimates of genetic parameters for livability had 
similar patterns to those of calving ease in DS-19. 
Estimates were not within the parameter space in DS-34. 
Heritability estimates for direct (0.04) and maternal (0.09) 
components were not encouraging for improvement by 
selection. Maternal effects were consistently larger for 
both calving ease and livability. The low estimate of 
heritability for livability makes it more feasible to select 
against early calf mortality as a correlated response to 
selection for calving ease. 
The Synthetic Cattle 
The data from the ISU beef breeding project were 
analyzed to identify general and specific size effects on 
calving ease, livability and birth weight. The data set was 
composed of 6,092 records collected between 1978 and 1987. 
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The cattle were divided into three size groups with varying 
proportions of Jersey, Angus and Simmental as paternal lines 
mated to a foundation population of crossbred cows. The 
importance of phenotypic factors affecting these traits were 
analyzed through SAS General Linear Models (GLM) and the 
genetic effects and genetic association between traits were 
analyzed through Harvey's LSMLMW computer program. 
The frequency of dystocia and stillbirth in the 
synthetic cattle was low and similar to that found in the 
Angus field data. Size of the calf was one of the most 
important (genetic and environmental) factors affecting 
calving ease, with the frequency of calving problems 
increasing in a non-linear fashion, from small to large 
size. Although the frequency of dystocia was greater for 
medium than for small, these frequencies were relatively 
closer to one another than that found for the large size. 
These results, in agreement with literature reports, seem to 
indicate that there is a biological limit for body size, 
beyond which the frequency of calving difficulty sharply 
increases. 
Heritabilities for birth weight, calving ease and 
livability were 0.25, 0.05, and 0.06 respectively. 
Furthermore, the genetic correlation among birth weight and 
calving ease was 0.50, while livability and calving ease 
Ill 
were essentially uncorrelated (-0.03). While these 
estimates by themselves suggest the relative importance of 
genetic differences among sires, estimates of maternal 
components from the field data bring more evidence that sire 
models alone are not powerful enough to account for all the 
variation in calving ease. The most realistic conclusion to 
be drawn about livability is that the factors and models 
available in animal breeding up to now are unable to predict 
accurately its behavior. Besides being subjected to genetic 
phenomenon not yet under human control (random mutations, 
chromosomic division errors, for example), livability seems 
to be associated with environmental factors that act in a 
rather random fashion (i.e., accidents, diseases). 
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